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ABSTRACT

This thesis describes the automated testing and

fault isolation which is performed on a Circuit Card

Assembly (CCA) used in a complex naval weapons system.

The automated testing is performed using a Hewlett Packard

9826 computer and IEEE-488 bus compatible equipment which

comprise the Test Set known as the TE304. A complete

circuit analysis of the CCA being tested is included in this

thesis as well as program descriptions of the Acceptance

Test Program and the Fault Isolation Program. Also included

in this thesis is background information on the TE304

Automated Test Set, the equipment which make it up, and the

software which is used to control it. This thesis was made

possible through a U. S. Navy contract between the

University of Louisville Electrical Engineering Department

and the Naval Ordnance Station in Louisville.
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I I N- RODUCT ION

The purpose of this thesis is to develop software

and hardware needed for automated testing and fault

isolation of an analog circuit card assembly (CCA) which is

used in a complex naval weapons system. The automated

testing is accomplished using a Hewlett Packard 9826 desktop

computer and various other electronic instrumentation which

is controlled via the IEEE-488 interface bus. The U. S.

Naval Ordnance Station in Louisville, Kentucky, (NOSL) has

been involved with maintenance and overhaul of many types of

weapons systems. The system from which this circuit card

came contains some 80 analog circuit cards which are tested

and repaired individually by the Production Engineering

department at NOSL. The work for this thesis project has

been made possible through a contract awarded to the

University of Louisville Speed Scientific School by the

NOSL.

Test Requirements (TR) for each CCA are set forth by

the Naval Sea Systems Command (NAVSEA) and are known as the

Acceptance Test for that CCA. The Acceptance Test TR for

the circuit card used in this thesis is contained in

APPENDIX A. These Acceptance Tests are performed on a

number of Test Equipment Sets (TE) depending on what type of

circuit card is being tested: low frequency analog, digital,

.... .. . ,-- ll / I I II . .. I I II I J ll IIII I IIII i i I Iiji 1
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high power, or high frequency analog. Before any testing of

the CCA's can be performed, a complete cfrcuit analysis of

the CCA must be accomplished. Schematic diagrams of the CCA

to be tested are contained in APPENDIX C.

A hardware interface which is needed as a

communication link between the CCA and the TE is designed

next and built into a patchbox which is part of the TE.

This interface hardware consists primarily of patchcords

which are plugged into the patchbox and provide the

necessary connections, by means of a switching matrix,

between the instrumentation and the circuit card. Some

adapter circuitry is also used in the patchbox which aids in

performing certain types of tests that the instrumentation

cannot perform directly. The schematic layout of the

patchbox and adapter circuit can be found in APPENDIX D.

The writing of the software needed to perform the

Acceptance Test and if any failures occur, the Fault

Isolation Test, is the last task to be accomplished. This

software uses subprograms, which have been developed as part

of the TE operating system, to control the different

instrumentation on the IEEE-488 interface bus. The language

used for the HP 9826 computer is HP Basic 3.0 which is a

high level operating system incorporating different aspects

of BASIC, FORTRAN, and PASCAL. Because the TE used for this

project is highly automated, very little operator

intervention is needed during testing of the CCA. Fault
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isolation procedures anO tests must also be derived before

developing the software for the Fault Isolation Test Fl,.

A complete listing of the Acceptance and Fault Isolation

Test Programs is contained in APPENDIX F and G,respectively.

The completion of this project and the other Circuit

Card Assemblies is a key part in the goals of the Production

Engineering department at the NOSL. Prior work performed by

University of Louisville students in this area Follow

basically the same procedures that were mentioned above.

The TE's used in these projects were not totally automated

and required much operator intervention which increased both

productivity time and the possibility of mistakes. The

software needed for the Acceptance and Fault Isolation Test

of this project was developed on a new, aimost totally

automated TE, TE304, which was developed and built by NOSL

Production Engineering in 1985. All future testing of

analog CCA's will be done on this new system which will both

speed up production and produce a higher-quality product.



11. INSTRUMENTATION AND HARDWARE

A. TE304 Automated Test Set

NOSL has been testing and repairing the analog

circuit card assemblies (CCA) since 1982. Early Fault

Isolation TE's were comprised of limited stimulus and

measurement equipment and used a cumbersome patchcord jumper

box which had to be operated manually. These systems were

nicknamed the "Benchtops" because the operator actually sat

at a bench while performing the tests on the CCA's. A

Hewlett Packard 9826 desktop computer was the controlling

device for these systems, but due to a primitive software

system, was limited in setting up the equipment and taking

readings. No switching matrix was available to interface

the CCA to the equipment. The equipment and interfacing

circuits had to be connected to the CCA through the

patchcord jumper box using numerous banana-jack patchcords.

The software written for the CCA acceptance and fault

isolation tests would instruct the operator when and where

to connect these patchcords. This type of system slowed

down production rates and also increased the possibility of

operator errors.

The TE8009 is an automated test set built by a major

defense contractor which is also the main supplier of the

CCA's. This test set is used for running the Acceptance

!!4



Test on low frequency analog CCA's as were the benchtop

TE's. However, the contractor does not provide any software

for fault isolation tests on the CCA's; this was the main

reason for developing the Benchtop program. The TE8O09 was

both extremely expensive and complicated due to a vast

amount of custom hardware that was used in the test set.

Very little of the equipment in the TEBO09 was "off the

shelf" equipment which made repair or replacement difficult.

The engineers who made up the Benchtop program have

since designed and built a new almost totally automated test

set which is now called the TE304 at a fraction of the cost

it took to build the TE8009. This test set uses primarily

Hewlett Packard equipment and equipment which is IEEE-488

bus compatible, all of which are "off the shelf". The

controlling device is again the HP9826 desktop computer;

however, a completely new array of software has been

developed. It consists of an operating system, subprograms

which make it easy to set up the equipment and take

measurements, and various other programs and subprograms

used by the TE304. The equipment which makes up the TE304

and the performance specifications for each are listed in

TABLE I.

The software which was developed for the TE304 was a

tremendous improvement over earlier systems. Subprograms

were written which made it possible to set up the equipment

and take measurements by using one subprogram call
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statement. By changing the parameter list in the call

statements, it is possible to configure the equipment in any

number of operating modes. Because the programmer no longer

has to use the long and complicated instrument command

strings, writing and debugging CCA test software was made

much easier. Software was also developed for system use by

the Test Set operator. This software created a standardized

method of running CCA tests, recording the data, and also

helped perform TE maintenance and calibration checks.

B. Interface Adapter Hardware

As mentioned in the previous section, the TE304 uses

a Patchbox and Switching Matrix to provide the proper

connections between the CCA connector pins and the test

equipment. However some circuitry is required to interface

the signals between the CCA and the TE. This hardware is

built onto a small wire-wrapped plug board and mounted in

the Patchbox. Because the TE's are very versatile, little

interface circuitry is needed. Only four load resistors are

required for the CCA done in this thesis; the other required

pullup resistors are supplied by the Digital Read Cards in

the HP Multiprogrammer. The only other circuitry needed is

a single 7408 quad AND gate which is used to protect the

Digital Write Card from receiving any damaging voltages due

to a bad CCA. One gate on this AND chip is used to control

the triggering on one of the CCA's 555 timers. A noise
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suppression capacitor is added across the IC power supply

leads for protection. A complete schematic of the interface

adapter circuit along with the physical layout of the

Patchbox is contained in APPENDIX D.

The remaining interface hardware consists of many

patchcords that are permanently plugged into the Patchbox.

These jumpers connect the TE and CCA signals to the matrix

points or directly to the CCA as in the case of the power

supplies. The connections are fairly arbitrary as long as

the equipment needed for a certain test can be connected to

the CCA through the Switching Matrix. For a board of this

size however, this requires careful planning of the wire

layout and efficient use of equipment. Two additional

resistors are added to the Patchbox between the Measurement

Matrix points 98, 99, and 100 for use as a software patchbox

identification check which is run at the beginning of each

test.

The Stimulus Matrix (20 x 60 matrix points) is most

useful for general connections of stimulus and measurement

equipment to the CCA. Most of the TE is connected to the 20

lines of one side of the matrix while the many CCA pins and

test points are connected to the 60 lines on the other side

of the matrix. Additional measurements are made by using

the Measurement Matrix (4 x 100). The four lines on one

side of this matrix (A, B, C, and D) are connected to the

HI, Low, Sense Hi, and Sense Low Inputs of the HP3497



Digital Multimeter. The Coaxial Matrix ([6 x 20) is needed

for CCA pins that are of coaxial output or input and For

stimuli that is of higher frequency. A complete list of the

patchbox jumpers is contained in APPENDIX D.
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TABLE I

TE304 EQUIPMENT LIST AND DESCRIPTIONS

STIMULUS EQUIPMENT

A. HP 3325A Function Generator

I. sine wave : 0.000001 Hz to 20999999.9 Hz
2. square wave : 0.000001 Hz to 10999999.9 Hz
3. triangle wave : 0.000001 Hz to 10999.9 Hz
4. pos./neg. ramp : 0.000001 Hz to 10999.9 Hz
5. frequency resolution : I uHz for freq<OOkHz

I mHz for freq>IOkHz

6. frequency accuracy +/- 5xI0-6 of value

7. amplitude range : 4 mVpp to 40 Vpp @ +/- 2%

B. HP 8116A Pulse/Function Generator
I. frequency range : I mHz to 50 MHz

2. frequency accuracy : I mHz-99.9 kHz +/- 3%
100 kHz-50 MHz +/- 5%

3. duty cycle (sine, triangle, square)
range: 10% to 90% (1 mHz to 999 kHz)

20% to 80% (1 MHz to 9.99 MHz)
4. pulse width % 10 ns to 999 ms +/- 5%
5. amplitude range : 7.95 Vdc @ +/- 0.5%

C. HP 8112A Pulse Generator
1. frequency range : 1 Hz to 50 MHz
2. pulse period : 20 ns to 950 ms @ 4/- 5%
3. delay steps : 75 ns to 950 rns @ 4/- 5%
4. double pulse : 20 ns to 950 ms @ +/- 5%
5. width : 10 ns to 950 ms @ +/- 5.
6. duty cycle : 17 to 99% @ 4/- 10%
7. amplitude range : 0.2 to 32 Vdc @ +/- 37

0. Elgenco 602A Gaussian Noise Generator
I. ranges : 20 kHz, 500 kHz, 5 MHz

@ I dB, 2.5 dB, and 2.5 dB
2. amplitude range : 0 to 5 Vrms
3. output impedance : 900 ohms +/- 10%

E. ILC Data SR-460 Synchro/Resolver Simulator
1. angular range : 0 - 353.9 deg resol. .01 deg
2. accuracy : +/-.01 deg open, +/-.03 deg w/ load
3. signal output : 11.8, 26, or 90 Vac
4. reference : 26 or 115 Vac @ +/- 3%
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TABLE I (continued)

F. Zi Tech 9811 Programmable Resistance Unit

1. resistance range 1 1 ohm to 1.5 Megohm

2. accuracy : 0.1 %
3. resolution : 1 ohm
4. power rating : I Watt

G. HP 69321B Digital to Analog Output Card

I. used with HP 6940B Multiprogrammer
2. amplitude range : -10.24 to 10.235 Vdc, +/-5 mv
3. step range : 5 mVdc

H. HP 69331B Digital Output Card
1. used with HP 6940B Multiprogrammer
2. TTL low output 0 to 0.4 Vdc
3. TTL high output : 4.75 to 5.25 Vdc
4. max. current sink : 40 mA
5. 12 separate outputs

1. HP 69332A Open Collector Output Card

1. used with HP 6940B Multiprogrammer

2. low output : 0 to .7 Vdc
3. high output : +30 Vdc max.
4. max. current sink : 40 mA

5. 12 separate outputs

Measurement Equipment

A. HP 1980B Oscilloscope
1. bandwidth : 100 MHz
2. sweep delay : 0 to 9.9 sec., resol. 5 digits
3. timebase : 5 ns/div to I sec/div, @ 3 digits

B. HP 5335A Frequency Counter
1. range : DC to 100 MHz

2. additional functions : period, time AB, pulse

width, duty cycle, slew rate, phase AB, tot. A

C. HP 3457A Digital Multimeter
1. DC voltage range : 30 my to 300 V

2. AC voltage range : 30 mV to 300 V
3. resistance range : 3 ohm to 3 Gohm

4. DC current : 300 mA to 1.5 A
5. AC current : 30 mA to I A

D. HP 69431A Digital Input Card

1. used with HP 6940AB Multiprogrammer
2. low input : 0 to .8 Vdc
3. high Input : 2 to 5 Vdc

4. max. current sink : 6 mA
5. 12 separate Inputs



TABLE I (continued)

E. HP 69422A Analog to Digital Input Card
1. used with HP 6940B Multiprogrammer
2. input ranges : +/-10 Vdc, +/-I Vdc, +/-100 mVdc
3. input resolution 5 mV, 500 uV, 50 uV
4. output resolution 12 bits

Power Equipment

A. HP 6034A DC Power Supply (6)
I. voltage range : 0 to 60 Vdc

2. current range : 0 to 10 A
3. resolution : voltage-15 mV, current-2.5 mA

B. Kepco PRM 28-7 28 Volt Power Supply
1. voltage % 28 Vdc

2. current : 7 A

Accessory Equipment

A. Quantum Data CAT2000 Automatic Screwdriver
I. backlash : none
2. torque : 0 to 15 ounces inches
3. step : 12,800 steps/revolution
4. velocity : 2 to 1800 degrees/second

A.D. Data Inc. MC56-111583C Switching System

A. Switching Control Unit
1. ANSI/IEEE standard 488-1978 compatible
2. one IEEE-488 address
3. independent control of each sub matrix

B. Measurement Matrix
1. 4 x 100 configuration
2. signals < I MHz

C. Stimulus Matrix
1. 20 x 60 configuration
2. signals < I MHz

D. Coaxial Matrix
1. 20 x 16 configuration
2. signals < 50 MHz

E. Relay Specifications
1. reed contacts
2. Initial contact resistance < .11 ohms
3. end life contact resistance < .31 ohms
4. life expectancy : > 10 million (rated load)
5. DC breakdown : 200 Voc
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TABLE I (continued)

6. maximum current : 0.5 A
7. maximum voltage 200 Vdc

Control Hardware

A. HP 9826 Computer
1. 2 additional HP 98256A 256K RAM cards
2. 1 additional HP 98624A IEEE-488 Bus card
3. 7 inch CRT
4. 5.25 inch flexible disc drive
5. keyboard : ASCII character set, numeric keypad,

ten softkeys
6. 68000 16 bit processor

B. HP 9133L Winchester Disc Drive
I. memory range : 40 Megabyte
2. ANSI/IEEE-488 compatible
3. 3.5 inch double density micro floppy disc drive

C. HP 2934A/W Printer
I. dot matrix printer
2. ANSI/IEEE-488 compatible
3. 200 characters per second (bi-directional)



Ill. CIRCUIT ANALYSIS

A. Continuity Tests

There are 16 continuity tests performed on the CCA

during the Acceptance Test. All but two of these tests

simply check continuity between two CCA connector pins which

are tied together by wire lands on the circuit board. The

other two tests measure 12 kohm identification resistors

which are mounted between two connector pins on the CCA.

The only circuit analysis needed for this series of

tests consists of analyzing the CCA wire lands and/or the

two identification resistors for defects. During the Fault

Isolation Program the TE operator is instructed to have the

resistors replaced if they fail. The tolerances set forth

by the TR allowed for these measurements are: I ohm maximum

for the wire lands and plus or minus I kohm for the two

resistors.

B. Current Demand

The CCA being tested here requires three DC power

supplies: a 28-volt source, a 5-volt source, and a -5-volt

source. The amount of current drawn from each of these

power supplies varies according to what state of the many

logic circuits on the CCA. Analysis needed to determine the

total amounts of current drawn from each supply would

13
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requae a complete chapter in itself but is not requirea r-or

this project. For the purposes of this CCA and the

tolerances set forth by the Naval bea bystems Command

(NAVSEA) in the TR, the current drawn from each supply was

determined from nominal readings taken from several good

CCA's. The maximum allowable currents are approximately 10%

higher than these nomnal1 reaiin i anA J0 fl 1 t[,"

volt supply, 450 mA for the 5 volt supply, and 60 mA for the

-5 volt supply.

C. Voltage Regulator Circuit (TIM)

Test number 200i0 is the first test measurement to

be made once the power has been applied to the CCA. This

measurement is taken from a 5.1 volt zener diode, VR16,

which is part of the voltage regulator circuit shown in

FIGURE 18 of APPENDIX C. This circuit provides several

reference voltages for other circuits on the CCA such as the

comparator circuits.

A constant current of approximately 5 mA is

maintained by the transistor Q41 which determines the

reference voltages across the resistor branch of R150, R151,

R153, and R154. The 5.1 volt zener diode VR16 maintains the

voltage at CCA connector pin P2-27 which is where the

measurement for test number 20010 is taken. The tolerances

allowed for this reading by the TR are plus or minus 30%

which is too high for this circuit. The normal tolerances
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rcr a zener of this type,as shown in any stindard caa tbc ,

are plus or minus 207.. The actual voltage readings taken at

the various reference points in the circuit are given on the

schematic and are accurate for a 5 mA current flowing

through the resistor branch mentioned above.

D. AC and DC Gain Tests

I. Test Number 21010 : VBMT DC Gain

The circuit for this test is shown in FIGURE 19

located in APPENDIX C. U21 is a 747 operational arnilifier

IC which is used as a Lossy Integrator and/or a Low Pass

Filter. This test simply checks the DC gain of the amplifier

using an input voltage of 12.5 volts DC. The voltage at the

non-inverting input (pin 6) can be found using the formula

for the voltage divider network consisting of R133, R134,

the 5.1 vdc source, and the 12.5 vdc input voltage.

V(+) = [12.5(RI34)+5.1(RI33)]/[R133+R134]

= [(12.5*15000)+(5.1*150000)]/[15000+150000]

= 5.77 vdc.

Because this test only involves DC analysis, the

capacitors in the circuit can be ignored. The output

voltage of U21 (pin 10) can be obtained directly from the

standard op--amp equation used for a non-inverting amplifier.



vo : v + [l I 1 ] R 3 )

- 5.77*[ [+(15/150)]

S .35 vdc.

If the output voltage at connector pin P2-26 is

referenced to connector pin P2-27 which is at a potential of

5.1 vdc, the output voltage measured at connector pin P2-26

will be 6.35 - 5.10 = 1.25 vdc. This is true because there

is no voltage drop across R130 or R160. The DC Gain of the

circuit can be obtained by simply dividing the output

voltage by the input voltage.

DC Gain = Vo/Vin = 1.25/12.5

= 0.10.

2. Test Number 21020 VBMT AC Ripple Gain (I Hz)

This test uses the same circuit as in test number

21010. The schematic is shown in FIGURE 19 of APPENDIX C.

Here the circuit is tested for the AC ripple gain using an

input of 1 Hz at 4 volts peak to peak. The input is applied

to connector pin P2-2 referenced to P2-3. The voltage at

the non-inverting input (pin 6) can be obtained using the

voltage divider rule as follows.



= 5.1'R133)/(RI3 3 +R134)

= 5. 1 150 / {150+ j5)

= 4.o4 vdc.

The DC output voltage can be calculated using the

equation for a non-inverting op-amp.

Vo(DC) = Vin (I+R131/RI32)

= 4.64(1+15/150)

= 5.1 vdc.

The feedback impedance, Z2, of the op-amp consists

of R131 in parallel with C14. The equivalent impedance at a

frequency of 1 Hz is calculated next.

Z2 = (R131//CI4) = [15000//(1/IOE-6s)]

= (15000/lOE-6s)/(15000+l/lOE-6s)

= 15000/(0.15s+l).

Let s = jw = j(2*lY*F)

= j(2*3.14"1)

= j6.28.

Then Z2 = 15000/(0.15"j6.28+1)

- 15000/(l+j0.942),



:Z2; = 15000/;(1+j0.942)I

= 15000/1.374

= 10920 ohms.

The output of the op-amp is obtained next by using

the standard op-amp equation for an inverting amplifier.

Vo = -Vin(Z2/ZI)

= -Vin(lO.92/150)

= -Vin(O.0726).

Vin is the input signal "A"

AC Gain = Vo/Vin

= (-0.0726Vin)/Vin

= -0.0726.

3. Test Number 21030 : VBMT AC Ripple Gain (10 Hz)

This test is identical to the previous test (number

21020) with the input frequency changed to 10 Hz instead of

I Hz. Using equation number 1, the new feedback impedance,

Z2, can be calculated at a frequency of 10 Hz.

Z2 = 15000/(0.15s+I)

= j62.83.

where s = jw : j(2*1"'10).
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Z2 = 15000/(0.15*j62.83+!U

= 15000/(l+j9.425),

:Z2: = 15000/I(1+j9.425):

= 15000/9.478

= 1583 ohms.

The output voltage can now be recalculated using

this impedance. The DC voltages are the same as in test

number 21020.

Vo = -Vin(Z2/ZI)

= -Vin(1583/150000)

= -Vin(O.0106).

AC Gain = Vo/Vin = -0.0106,

4. Test Number 21040 : VBMT AC Ripple Cain (I Hz)

Test number 21040 is a repeat of test number 21020

with the input signal reversed. The schematic is shown in

FIGURE 19, located in Appendix C. The magnitude of the

signal is still 4 volts peak-to-peak. The analysis for this

test is somewhat different from that of the previous tests.

Because the input signal (SIG. A) is applied to connector

pin P2-3 and referenced to connector pin P2-2, the op-amp



acts as a non-inverting amplifier. The AC voltage at tne

non-inverting input of the op-amp (pin 6) must be found

using the voltage divider rule. The 5.1 vdc source at node

C on the schematic is assumed to be a ground for AC

analysis.

Let Z3 = R134//C15

= R131//CI4 = Z2 (feedback impedance)

= 15k//IOuF = 10.92 kohms @ I Hz.

(calculated in test #21020 above)

V(+) = Vin(Z3)/(RI33+Z3)

= (Vin*10920)/(150000+10920)

= 0.0679 Vin,

The AC output at pin 10 of the op-amp can now be

found using the standard op-amp equation for the

non-inverting mode. The AC gain can be obtained by then

dividing the output voltage by the input voltage. The DC

voltages are the same as in test number 21020.

Vo = V()(+Z2/Zl)

= Vin(u.0679)(t+l u.92/150)

= 0.0726 Vin,

AC Gain = Vo/Vin = 0.0726,



. 'Jest Numoer 2!LEu : FKT bL uair

The circuit ror this test is shown in FWIURE Li

located in APPENDIA . U20 is a 747 operational amplifier

which is used as a Lossy Integrator and/or a Low Pass

Filter. This test simply checks the DC gain of the amplifier

using an input voltage of 1.5 volts DC. The voltage at the

non-inverting input (pin 6) can be found using the formula

for the voltage divider network consisting of R122, R123,

the 5.1 vdc source, and the 1.5 vdc input voltage.

V(+) = [I.5(RI23)+5.1(R122)]/[R122+RI23]

= [(l.5*118000)+(5.1*59000)]/[59000+118000]

= 2.70 vdc.

Because this test only involves DC analysis, the

capacitors in the circuit can be ignored. The output

voltage of U20 (pin 10) can be obtained directly from the

standard op-amp equation used for a non-inverting amplifier.

Vo = V(+)[I+(Rl2O/RI21)j

= 2.70*[1+(118/59)]

= 8.10 vdc.

If the output voltage at connector pin P2-4 is

referenced to connector pin P2-27 which is at a potential of

5.1 vdc, the output voltage measured at connector pin P2-4



be s. L - 5. ju = -. U c. hi1s is true because trere

'3 r, voltage drop across RI1,o or RI6u. The D Clain :r trie

circuit can be obtained by simply dividing the output

voltage by the input voltage.

DC Gain = Vo/Vin = 3.00/1.50

= 2.0.

6. Test Number 21210 : IFKT AC Ripple Gain HI Hz)

This test uses the same circuit as in test number

21200. The schematic is shown in FIGURE 21, located in

APPENDIX C. Herethe circuit is tested for the AC ripple

gain using an input of 1 Hz at 4 volts peak to peak. The

input is applied to connector pin P2-28 referenced to P2-29.

The voltage at the non-inverting input (pin 6) can be

obtained using the voltage divider rule as follows.

V(+) = (5.1*RI22)/(RI22+R123)

= (5.1*59)/(118+59)

= 1.70 vdc.

The DC output of the op-amp dL.e to this voltage can

be obtained using the equation for a non-inverting op-amp.

Vo(DC) = V(+)[I+RI20/RI21]

= 1.7(1+118/59) = 5.1 vdc.



;re teedback impedance, Z , of the op-amp consist-

&r l i in paral el with u . The equivalent impedance at a

frequency of 1 HZ is calculated below.

Z2 = (Rl20//CI2)=[1iBOGO//(I/IOE-6s)I

= (118000/IOE-6s)/(118000i1/IOE-6s)

= 118000/(1.18s+i). (2)

Let s = jw = j(2*1r*F)

= j(2-3.14-1)

= j6.28.

Z2 = 118000/(1.18*j6.28+1)

= 118000/(I+j7.410),

!Z21 = 118000/:(1+j7,410)I

= 118000/7.480

= 15770 ohms.

The output of the op-amp is obtained next by using

the standard op-amp equation for an inverting amplifier.

Vo = -Vin(Z2/Zl)

= -Vin(15.77/59)

= -Vin(O.267).

Vin is the input signal "A".
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AC Gain = vo/vin

= (-0.2l67in)/Vin

-0.267.

7. Test Number 21220 : IFKT AC Ripple Gain G10 Hz)

This test is identical to the previous test (number

'210) with the input frequency changed to 10 Hz instead of

I Hz. This changes the equivalent resistance of the

feedback circuit Z2.

From equation 2: Z2 = 118000/(1,18s+l)

where s =jw i j(2*1T'*10 = j62 .B3.

Z2 = 118000/(1.18*j62.83I1)

= 118000/(l+j 7 4 . 14 ).

:Z2 = 1180'0/'(l+j74.14)

= 118000/74.1S

= 1590 ohms.

The output voltage can now be recalculated using this

impedance as follows. The DC voltages are the same as in

test number 21210.
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vo = -Vin(Z2/Zl)

= -Vin(1590/59000)

= -Vink0.0269)

AC Gain = Vo/Vin = -0.0269.

8. Test Number 21230 : IFKT AC Ripple Gain (I Hz)

Test number 21230 is a repeat of test number 21210

with the input signal reversed. The schematic is shown in

FIGURE 21 located in APPENDIX C. The magnitude of the

signal is still 4 volts peak to peak. The analysis for this

test is somewhat different from that of the previous tests.

Because the input signal (SIG. A) is applied to connector

pin P2-29 and referenced to connector pin P2-28, the op-amp

acts as a non-inverting amplifier. The AC voltage at the

non-inverting input of the op-amp (pin 6) must be found

using the voltage divider rule. The 5.1 vdc source at node

C is assumed to be ground for AC analysis.

Let Z3 = R123//CI3

= R120//CI2 = Z2 (feedback impedance)

= 118k//lOuF = 15.77 kohms @ I Hz.

(calculated in test #21210 above)

V(+) = Vin(Z3)/(RI33+Z3)

= (Vin*15770)/(59000+15770)

= 0.2109 Vin,



]-he AC output at pin 10 of the op-amp can now oF

round using the standard op-amp equation ror the

non-inverting mode. The AC gain can be obtained by then

dividing the output voltage by the input voltage. The DC

voltages are the same as in test number 21210.

Vo = V(+)(+Z2/Zl)

= Vin(0.2109)(1+15.77/59)

= 0.2670 Vin.

AC Gain = Vo / Vin = 0.2670.

9. Test Number 21400 : IFMT DC Gain

The circuit for this test is shown in FIGURE 25

located in APPENDIX C. U22 is a 747 operational amplifier

which is used as a Lossy Integrator and/or a Low Pass

Filter. This test simply checks the DC gain of the amplifier

using an input voltage of 1.5 volts DC. The voltage at the

non-inverting input (pin 6) can be found using the formula

for the voltage divider network consisting of R107, R108,

the 5.1 vdc source, and the 1.5 vdc input voltage.

V(+) = [1.5(R08)+5.I(RI07)]/[RlO 8lR07]

= C([.5*I05000)+(5.1*59000)]/[59000+105000]

= 2.80 vdc,



because tnis test oniy involves DL analKsis, t:

-a,-c tor s in tne ircuit can te ignored. The out jut

voltage of U22 (pin 10) can be obtained directly from the

standard op-amp equation used for a non-inverting amplifier.

Vo = V(+)[I+(RI05/RI06)3

= 2.80*[1+(105/59)]

= 7.77 vdc,

If the output voltage at connector pin P2-31 is

referenced to connector pin P2-27 which is at a potential of

5.1 vdc, the output voltage measured at connector pin P2-31

will be 7.77 - 5.10 = 2.67 vdc. This is true because there

is no voltage drop across R104 or R160. The DC Gain of the

circuit can be obtained by simply dividing the output

voltage by the input voltage.

DC Gain = Vo/Vin = 2.67/1.50

= 1.78.

10. Test Number 21410 : IFMT AC Ripple Gain (1 Hz)

This test uses the same circuit as in test number

21400. The schematic is shown in FIGURE 25, located in

APPENDIX C. Here the circuit is tested for the AC ripple

gain using an input of I Hz at 4 volts peak-to-peak. The
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r~ut £ applied to connector pin P2-30 referenced to P-5.

nte voltage at the non-inverting input (pin 6) 1-an De

obtained using the voltage divider rule as follows.

V(+) = (5.i*RI07)/(RI07+R108)

= (5.1"59)/(105+59)

= 1.84 vdc.

The DC output of the op-amp due to this voltage can

be obtained using the equation for a non-inverting op-amp.

Vo(DC) = V(+)[I+RI05/RI06]

= 1.84(1+105/59)

= 5.1 vdc,

The feedback impedance, Z2, of the op-amp consists

of RIO5 in parallel with CIO. The equivalent impedance at a

frequency of I Hz is calculated below.

Z2 = (RI05//CIO) = [105000//(l/IOE-6s)]

= (105000/IOE-6s)/(105000+1/IOE-6s)

= 105000/(1.05s+!). (3)

Let s = jw = j(2*lr*F)

= j(2*3.14*)

= j6.28.



.z.

L Iu5000/ l.05*j6.2 8-tl)

= 105000/(i[ j6.597 ),

;ZZ:= 105000/:(I+j6.957)

- 105000/6.673

- 15.7 kohms.

The output of the op-amp is obtained next by using

the standard op-amp equation for an inverting amplifier.

Vo -Vin(Z2/ZL)

= -Vin(15.70/59)

-Vin(O.266).

Vin is the input signal "A"

AC Gain = Vo/Vin

= (-0.266*Vin)/Vin

= -0.266,

11. Test Number 21420 : IFMT AC Ripple Gain (10 Hz)

This test is identical to the previous test (number

21410) with the input frequency changed to 10 Hz instead of

I Hz. This changes the equivalent resistance of the

feedback circuit Z2.
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From equation 3: Z2 = 105000/(1.05s+!)

where s = jw = j(2*1r*10) = j62.83.

Z2 = 105000/(1.05"j62.83+1)

= 105000/(I+j65.97).

;Z2: = 105000/!(I+j65.9 7 )!

= 105000/65.98

= 1590 ohms.

The output voltage can now be recalculated using

this impedance as follows. The DC voltages are the same as

in test number 21410.

Vo = -Vin(Z2/Zl)

= -Vin(1590/59000)

= -Vin(0.0269).

AC Gain = Vo/Vin = --0.0269.

12. Test Number 21430 : IFMT AC Ripple Gain (I Hz)

Test number 21430 is a repeat of test number 21410

with the input signal reversed. The schematic is shown in

FIGURE 25, located in APPENDIX C. The magnitude of the

signal is still 4 volts peak-to-peak. The analysis for this

test is somewhat different from that of the previous tests.
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Because the input signal (SIG. A) is applied to connector

pin P2-5 and referenced to connector pin P2-30, the op-amp

acts as a non-inverting amplifier. The AC voltage at the

non-inverting input of the op-amp (pin 6) must be found

using the voltage divider rule. The 5.1 vdc source at node

C is assumed to be ground for AC analysis.

Let Z3 = R108//CII

= RI05//CI0 = Z2 (feedback impedance)

= 105k//jOuF = 15.70 kohms @ I Hz.

(calculated in test #21410 above)

V(+) = Vin(Z3)/(RI07+Z3)

= (Vin*15.7)/(59+15.7)

= 0.210 Vin.

The AC output at pin 10 of the op-amp can now be

found using the standard op-amp equation for the

non-inverting mode. The AC gain can be obtained by then

dividing the output voltage by the input voltage. The DC

voltages are the same as in test number 21410.

Vo = V(+)(C+ZZ/Zl)

= Vln(0.210)(1+15.7/59)

= 0.266 Vin.

AC Gain = Vo/Vin = 0.266.
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E. DC Threshold Tests

1. Test Number 21050 : VBMH Threshold input Voltage

The circuit for this test is shown in FIGURE 20,

located in APPENDIX C. The output of op-amp U21 (pin 10),

which was tested previously, is connected to the inverting

input of U21 (pin 1). This half of U21 acts as a

comparator. The input voltage is applied to connector pin

P2-2 referenced to P2-3 and is decremented in 10 mvdc steps

starting with -5.0 vdc until the output of the comparator

switches logic states. The output of the comparator is

connected to an opto-isolator Q39 which directly controls

the TTL output at connector pin PI-48. The output voltage

swing of the op-amp U21 can be calculated using the sum of

the inverting and non-inverting gain equations for op-amps.

Output voltage due to inverting input (pin 7):

Vo+ = -Vin*(R131/RI32) = -Vin*(15/150)

= -0.1 Vin where --9.0<Vin<-5.0.

Output voltage due to non-inverting input (pin 6):

Vo- = V(+)*(I+RI31/RI32)

= [(5.1*R133)/(R133+Ri34)]*[I+RI33/RI32]

= [(5.1*150)/(150+15)3*[1+15/150]

= 5.1 vdc.
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Total output voltage at pin 10:

Vo = (Vo+)+(Vo-) = 5.1-0.1*Vin.

The comparator works like a Schmitt trigger. When

the voltage at the inverting input is greater than the

voltage at the non-inverting input, then the cutput is

approximateiy equal to -Vcc (0 vdc). Otherwise the output

is approximately equal to +Vcc (26 vdc, see schematic). The

voltage at the non-inverting input is controlled by the 5.78

vdc source at node H and the output voltage at pin 12. The

voltage divider rule can be used to obtain this voltage.

V(+) = [(5.78*RI37)+(Vo*RI36)]/[RI36+Ri37]

= [(5.78*2200)+(Vo*10)J/[2200+I03

= 5.754+(Vo/221).

For Vo = 0 vdc V(+) = 5.754 vdc V(-) > V(+).

Vo = 26 vdc V(+) = 5.871 vdc V(-) < V(+).

This difference in the V(+) voltage levels creates a

window for threshold voltages to fall into. In other words,

if the output voltage of the comparator is 0 vdc then the

trigger voltage needed at pin I will be 5.754 vdc. When the

output voltage is 26 vdc~then the trigger level will be

5.871 vdc. FIGURE I illustrates these results using arrows



'3 ,

Vout

26
VDC

o
o 5.75 5.87 V(-)

VDC

FIGURE 1 VBMH Comparator Trigqerinq Window
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to indicate the direction in which the voltage V(-) is

either Falling or rising.

When V(-) is 0 vdc the output of the comparator is

approximately 26 vdc. When V(-) increases, the output will

swing to 0 vdc at V(-) equal to 5.871 vdc. When V(-) starts

to decrease from this point, it must reach 5.754 vdc for the

output to swing high again.

The voltage at V(-) (pin 1) is equal to the output

voltage of the op-amp due to the fact that approximately no

current flows into the input of an op-amp so no voltage drop

occurs across R135. This voltage is obtained from the

equation derived above for the output of the op-amp (pin

10). The input voltage at connector pin P2-2 ranges from

-5.0 vdc to -9.0 vdc.

V(-) = Vo = 5.1-0.1 Vin.

For Vin = -5.0 : Vo = 5.6 vdc

Vin = -9.0 : Vo = 6.0 vdc

Step size = 0.1*10 mv = I mvdc.

Therefore,V(-) increments from 5.6 vdc to 6.0 vdc in

I mvdc steps. Since the initial voltage of V(-) is less

than that of V(+), the output voltage at pin 12 will be

approximately 26 vdc and the trigger voltage will be 5.871

vdc. By working backwards With the above output equation



for Vo, the threshold voltage needed to cause the comparator

to switch states can be obtained.

Vo = 5.1-0.1 Vin

5.871 = 5.1-0.1 Vin

Vin = (5.1-5.871)/O.l

= -7.7 vdc.

The output of the comparator directly controls the

TTL output at connector pin P1-48. The initial state of the

comparator is high which causes Q39 to be turned on. This

causes PI-48 to be shorted to ground and a TTL logic 0 will

be measured. When the threshold voltage is reached and the

comparator switches to a low stateQ39 will turn off. The

pullup resistor R139 will then cause P1-48 to be at 5 vdc or

TTL logic 1.

2. Test Number 21240 : IFKL Threshold Input Voltage

The circuit for this test is shown in FIGURE 22,

located in APPENDIX C. The output of op-amp U20 (pin 10),

which was tested previously, is connected to the inverting

input of U20 (pin 1). This half of U20 acts as a

comparator. The input voltage is applied to connector pin

P2-29 referenced to P2-28 and is incremented in 10 mvdc

stepsgstarting with 0.0 vdc until the output of the

comparator switches logic states. The output of the

comparator Is connected to an opto-isolator Q38 which
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zirecti 9 controls the TTL output at connector pin PI-47.

The output voltage swing of the op-amp U20 can be calculatec

using the non-inverting gain equation For op-amps.

Output voltage due to non-inverting input (pin b):

Vo- = V(+)*(I+RI20/Rl21)

= [(5.1*R122)+(Vin*RI23)]/[RI22.RPI2]

*(i+RI20/RI21)

= [(5. 1*59)+(Vin*1 18)3/[L S+59]J( 1±1 8/59)

(O.667*Vin+l.7)*(3)

= 5.l+2*Vin.

The comparator works like a Schmitt trigger. When

the voltage at the inverting input is greater than the

voltage at the non-inverting input, then the output is

approximately equal to -Vcc (0 vdc). Otherwise,the output

is approximately equal to +Vcc (26 vdc, see schematic). The

voltage at the non-inverting input is controlled by the 6.67

vdc sou-ce at node G and the output voltage at pin 12. The

voltage divider rule can be used to obtain this voltage.

V(+) = [(6.67*R127)+(Vo*RI26)]/[R126+RI27]

= [(6.67*2200)+(Vo*10)]/[2200+10]

= 6.64+(Vo/221).
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For /o = u vtC : v(,) = 6.640 vOc v - , Vkti.

vo = 26 vac : V(+) = 6.758 vdc V(- ) V k - .

This difference in the V(+) voltage levels creates a

window for threshold voltages to fall into. in other words,

if the output voltage of the comparator is 0 vdcthen the

trigger voltage needed at pin 1 will be 6.640 vdc. When the

output voltage is 26 vdc,then the trigger level will be

6.758 vdc. FIGURE 2 illustrates these results using >--ws

to indicate the direction it, which the voltage V(-) i,

either Falling or rising.

When V(-) is 0 vdc,the output of the comparator is

approximately 26 vdc. When V(-) increases, the output will

swing to 0 vdc at V(-) equal to 6.758 vdc. When V(-) starts

to decrease from this point, it must reach 6.640 vdc for the

output to swing high again.

The voltage at V(-) (pin 1) is equal to the output

voltage of the op-amp due to the fact that approximately no

current flows into the input of an op-amp so no voltage drop

occurs across R125. This voltage is obtained from the

equation derived above for the output of the op-amp (pin

10). The input voltage at connector pin P2-29 ranges from

0.0 vdc to 1.0 vdc.



26 __ _ _ _ _
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FIGURE 2 -IFKL Comparator Triggering Window
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V - = vo = 5.1+2.0*vin,

For Vin = 0.0 : Vo = 5.1 vdc

Vin = .0 : Vo = 8.1 vdc

Step size = 2.0 * 10 my = 20 mvdc.

ThereforeV(-) increments from 5.1 vdc to 8.1 vdc in

20 mvdc steps. Since the initial voltage of V(-) is less

than that of V(+), the output voltage at pin 12 will be

approximately 26 vdc and the trigger voltage will be 6.758

vdc. By working backwards with the above output equation

for Vo, the threshold voltage needed to cause the comparator

to switch states can be obtained.

Vo = 5.1+2.0*Vin

6.758 = 5.1+2.0*Vin.

Vin = (6.758-5.1)/2.0 = 0.829 vdc,

The output of the comparator directly controls the

TTL output at connector pin P1-47. The initial state of the

comparator is high which causes Q38 to be turned on. This

causes P1-47 to be shorted to ground and a TTL logic 0 will

be measured. When the threshold voltage is reached and the

comparator switches to a low state Q38 will turn off. The

pullup resistor R128 will then cause P1-47 to be at 5 vdc or

TTL logic 1.
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]. Test Number L1Zu : iFKH Threshold Input Voltage

The circuit schematic For this test is shown in

FIGURE Z3, located in APPENDIA C. The op-amp U20 used in the

previous test is used here also as the first stage of this

test. The results from the above analysis are shown below.

Vo(pin 10) = 5.1+2*Vin.

The second stage of the circuit consistSof U22 which

is used as a comparator or a Schmitt trigger. When the

voltage at the inverting input is greater than the voltage

at the non-inverting input, then the output is approximately

equal to -Vcc (0 vdc). Otherwise~the output is

approximately equal to +Vcc (26 vdc, see schematic). The

voltage at the inverting input (pin 1) is controlled by

zener diode VRi7 which holds the voltage at 18 volts. The

voltage at the non-inverting input is controlled by the

output of the first stage op-amp and the output voltage at

pin 12. The voltage divider rule can be used to obtain

this voltage.

V(+) = [(Vin*RI17)+(Vo*RI16)J/[RI16+RI17]

= [(Vin1800)+(Vo*1O)]/,(8O0+10

= 0.994*Vin+Vo/181,

Note. V(+) = pin 2; Vo = pin 12; Vin = pin 10.



The -switching voltage for tne cornarator is at j

equal to 18 vdc. By setting the above equation to trois

value, and by setting Vo to either 0 or 26 vdc, the window

values for the input trigger voltages can be obtained.

Vo=O : 18 = 0.994*Vin+0/181 Vin = 18.1 vdc.

Vo=26 : 18 = 0.994*Vin+26/181 Vin = 17.96 vdc.

This difference in the Vin voltage levels creates a

window for threshold voltages to fall into. In other words,

if the output voltage of the comparator is 0 vdc,then the

trigger voltage needed at pin 10 will be 18.10 vdc. When

the output voltage is 26 vdcthen the trigger level will be

17.96 vdc. FIGURE 3 illustrates these results using arrows

to indicate the direction in which the voltage V(-) is

either falling or rising.

The initial voltage input is 3.0 volts which

corresponds to an output voltage of 11.1 volts at pin 10 of

U20 (see above equation). By looking at the equation

obtained for V(+) at pin 2 of the comparator, it can be seen

that initially V(-) will be greater than V(+) which causes

the output at pin 12 to be low or approximately 0 volts.

The trigger voltage needed at pin 10 or U20 is therefore

18.1 vdc (see above). By working backwards with the output

equation derived for U20, the threshold voltage needed at

P2-29 can be calculated.



Vout

266 .
VDC

0
0 17.96 1.10 V(-)

VDC

FIGURE 3 IFKH Comparator Trigqerina !indow



44

18.1 = 2.0*Vin+5.1

Vin = (18. 1-5.1)/2

= 6.5 vdc,

The output of the comparator directly controls the

TTL output at connector pin PI-22. The initial state of the

comparator is low,which causes opto-isolator Q37 to be

turned off. This causes PI-22 to be pulled up by R118 to +5

vdc or logic 1. When the threshold voltage at P2-29 reaches

6.5 vdc, the comparator switches states and Q37 turns on.

This causes P1-22 to be shorted to ground and a logic 0 will

be measured.

4. Test Number 21440 : IFML Threshold Input Voltage

The circuit for this test is shown in FIGURE 26,

located in APPENDIX C. The output of op-amp U22 (pin 10),

which was tested previously, is connected to the inverting

input of U23 (pin 1). This half of U23 acts as a

comparator. The input voltage is applied to connector pin

P2-30 referenced to P2-5 and is decremented in 10 mvdc steps

starting with 0.0 vdc until the output of the comparator

switches logic states. The output of the comparator is

connected to an opto-isolator Q36 which directly controls

the TTL output at connector pin P1-45. The output voltage

swing of the op-amp U22 can be calculated using the sum of

the non-inverting and the inverting gain equations for



op-amps.

Voltage at non-inverting input kpin 6):

V(+) = 5.1(Rl07)/(R107+Rl08)

= 5.1(59)/(59+105)

= 1.835 vdc.

Output voltage due to input voltage and V(+):

Vo = V(+) (1+R105/R106)-Vin(R105/R106)

= 1.835(1+105/59)-Vin(105/59)

= 5.1-1.78*Vin

where -1.3 < Vin , 0.0 step size is 10 my.

The comparator works like a Schmitt trigger. When

the voltage at the inverting input is greater than the

voltage at the non-inverting input, then the output is

approximately equal to -Vcc (0 vdc). Otherwise the output

is approximately equal to +Vcc (26 vdc, see schematic). The

voltage at the non-inverting input is controlled by the 6.67

vdc source at node F and the output voltage at pin 12. The

voltage divider rule can be used to obtain this voltage.

V(+) = [(6.67*Rlll)+(Vo*RI1O)]/[RIIO+Rlll]

= [(6.67*2200)+(Vo 10)]/[2200+10]

= 6.64+(Vo/221).
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For Vo = 0 vdc : V(+) = 6.640 vdc V(-) V(+).

Vo = 26 vdc : V(+) = 6.758 vdc V(-) V(+).

This difference in the V(+) voltage levels creates a

window for threshold voltages to fall into. in other words,

if the output voltage of the comparator is 0 vdc,then the

trigger voltage needed at pin I will be 6.640 vdc. When the

output voltage is 26 vdc,then the trigger level will be

6.758 vdc. FIGURE 4 illustrates these results using arrows

to indicate the direction in which the voltage V(-) is

either falling or rising.

When V(-) is 0 vdcthe output of the comparator is

approximately 26 vdc. When V(-) increases, the output will

swing to 0 vdc at V(-) equal to 6.758 vdc. When V(-) starts

to decrease from this point, it must reach 6.640 vdc for the

output to swing high again.

The voltage at V(-) (pin 1) is equal to the output

voltage of the op-amp due to the fact that approximately no

current flows into the input of an op-amp so no voltage drop

occurs across R109. This voltage is obtained from the

equation derived above for the output of the op-amp (pin

10). The input voltage at connector pin P2-30 ranges from

0.0 vdc to -1.3 vdc.
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V(-) = Vo = 5.1-1.78 Vin.

For Vin = 0.0 Vo = 5.1 vdc

Vin = -1.3 Vo = 7.41 vdc.

Step size = 1.78*10 mv = 17.8 mvdc.

Therefore,V(-) increments from 5.1 vdc to 7.41 vdc

in 17.8 mvdc steps. Since the initial voltage of V(-) is

less than that of V(+), the output voltage at pin 12 will be

approximately 26 vdc and the trigger voltage will be 6.758

vdc. By working backwards with the above output equation

for Vo, the threshold voltage needed to cause the comparator

to switch states can be obtained.

Vo = 5.1-1.78*Vin

6.758 = 5.1-1.78*Vin

Vin = -(6.758-5.1)/1.78

= -0.933 vdc

The output of the comparator directly controls the

TTL output at connector pin P1-45. The initial state of the

comparator is high which causes opto-isolator Q36 to be

turned on. This causes P1-45 to be shorted to ground and a

TTL logic 0 will be measured. When the threshold voltage is

reached and the comparator switches to a low state, Q36 will
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turn off. The pullup resistor R113 will then cause Pi-45 to

be at 5 vdc or TTL logic I.

5. Test Number 21450 : IFMH Threshold Input Voltage

The circuit schematic for this test is shown in

FIGURE 27, located in APPENDIX C. The op-amp U22 used in the

previous test is used here also as the first stage of this

test. The results from the above analysis are shown below.

Vo(pin 10) = 5.1-1.78*Vin.

The second stage of the circuit consist of U23 which

is used as a comparator or a Schmitt trigger. When the

voltage at the inverting input is greater than the voltage

at the non-inverting input, then the output is approximately

equal to -Vcc (0 vdc). Otherwise the output is

approximately equal to +Vcc (26 vdc, see schematic). The

voltage at the inverting input is connected to 10.2 volts

through the voltage regulator. The voltage at the

non-inverting input (pin 6) is controlled by the output of

the first stage op-amp and the output voltage at pin 10.

The voltage divider rule can be used to obtain this voltage.

V(+) = [(Vin*RI1O )+(Vo*RI102]/[RI0I+RI02]

= [(Vin*2000)+(Vo*10)]/[2000+10)

= 0.995*Vin+Vo/201,

Note: V(+) = pin 2; Vo = pin 12; Vin = pin 10.
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The switching voltage for the comparator is at V(+)

equal to 10.2 vdc. By setting the above equation to this

value, and by setting Vo to either 0 or 26 vdc, the window

values for the input trigger voltages can .,e obtained.

Vo=O : 10.2 = 0.995*Vin+0/201 Vin = 10.25 vdc.

Vo=26 : 10.2 = 0.995t Vin+26/201 Vin = 10.12 vdc,

This difference in the Vin voltage levels creates a

window for threshold voltages to fall into. In other words,

if the output voltage of the comparator is 0 vdc, then the

trigger voltage needed at pin 10 will be 10.25 vdc. When

the output voltage is 26,vdc then the trigger level will be

10.12 vdc. FIGURE 5 illustrates these results using arrows

to indicate the direction in which the voltage V(-) is

either falling or rising.

The initial voltage input is -1.0 volts which

corresponds to an output voltage of 6.88 volts at pin 10 of

U22 (see above equation). By looking at the equation

obtained for V(+) at pin 6 of the comparator, it can be seen

that initially V(-) will be greater than V(+) which causes

the output at pin 10 to be low or approximately 0 volts.

The trigger voltage needed at p'n 10 of U22 is therefore
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10.25 vdc (see above). By working backwards with the output

equation derived for U22, the threshold voltage needed at

P2-30 can be calculated.

10.25 = 5.1-1.78*Vin

Vin = -(10.25-5.1)/1.78

= -2.89 vdc.

The output of the comparator directly controls the

TTL output at connector pin PI-46. The initial state of the

comparator is low which causes opto-isolator Q35 to be

turned off. This causes PI-46 to be pulled up by R100 to +5

vdc or TTL logic 1. When the threshcld voltage at P2-30

reaches -2.89 vdc, the comparator switches states and Q35

turns on. This causes PI-46 to be shorted to ground and a

TTL logic 0 will be measured.

F. IFKL TTL Output Tests

1. Test Number 21260 : IFKL TTL Output

This test uses the same circuit used in test number

21240 and is reproduced in FIGURE 24,!ocated in APPENDIX C.

The circuit analysis is exactly identical to that of test

number 21240 with the exception that the input voltage is

not incremented. Because this is simply a TTL output test,

the input voltage remains a constant which is 0 volts in
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this case. The output equation derived for op-amp U20 is

used below to obtain the output at pin 10.

Vo(pin 10) = 5.1+2.0*Vin where Vin = 0 vdc

= 5.1 vdc.

The trigger voltages obtained for the comparator U20

where 6.64 and 6.76 volts which are both greater than 5.1

volts. This means that the voltage at the non-inverting

input of the comparator will be greater than the voltage at

the inverting input. The output of the comparator at pin 12

will then be approximately 26 volts causing the

opto-isolator Q38 to be turned on. The connector pin P2-47

will be shorted to ground and measure a TTL logic 0.

2. Test Number 21270 : IFKL TTL Output

This test uses the same circuit used in test number

21240 and 21260 and is reproduced in Figure 21270, located in

APPENDIX C. The circuit analysis is exactly identical to

that of test number 21240,with the exception that the input

voltage is not incremented and connector pin P2-6 is

connected to a 28 vdc power source. In the previous testsp

P2-6 had been left open. Because this is simply a TTL

output test, the input voltage remains a constant which is 0

volts in this case. The output equation derived for op-amp

U20 is used below to obtain the output at pin 10.
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Vo(pin 10) = 5.1+2.0*Vin where Vin = 0 vdc

= 5.1 vdc.

The voltage seen at the non-inverting input (pin 1)

of the comparator is not however 5.1 volts. Due to P2-6

being at a potential of 28 volts, the voltage divider rule

must be used to obtain this voltage.

V(-) = [28(RI25)+5.1(R124)]/[Rl24+RI25]

= [28(33)+5.1(120)]/[120+33]

= 10.04 vdc.

The trigger voltages obtained for the comparator U20

where 6.64 and 6.76 volts which are both less than 5.1

voits. This means that the voltage at the non-inverting

input of the comparator will be less than the voltage at the

inverting input. The output of the comparator at pin 12

will then be approximately 0 volts causing the opto-isolator

Q38 to be turned off. The connector pin P2-47 will be

pulled up to +5 vdc by R128 and measure a TTL logic 1.

G. Full Power CDC(-) and FPD Logic Test (30010)

This series of tests has three parts as shown in the

Test Requirement Document. The schematic diagram for this

circuit is shown in FIGURE 28tcontained in APPENDIX C. The

input at connector pin P2-39 is an open collector input and
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Lhe outputs P2-41 and P2-15 are TTL logic level outputs.

Each output has its own independent circuit. The output

P2-41 is controlled by the 5-volt power supply and P2-15 is

controlled by the 5-volt power supply and the open collector

input P2-39. A separate 5-volt power supply is used for the

pullup resistors which are needed for the P2-15 and P2-41

output pins. The two opto-isolators Q26 and Q23 act only as

switches as do the 2N2222A transistors Q24 and Q25.

The analysis for the P2-41 output pin is as follows.

As long as the 5-volt DC power supply is on, Q26 will be on

which turns Q25 on also. This causes P2-41 to be shorted to

ground and a TTL logic 0 to be measured. When the 5-volt DC

power supply is turned off for test 3, Q26 and Q25 turn off

and the 1-kohm pull-up resistor forces P2-41 to 5 volts DC

or TTL logic 1.

The P2-15 output pin operates in much the same

manner as the P2-41 output pin. This circuit is almost

identical to the previous onepexcept that pin 7 of Q23 is

-onnected to P2-39 instead of straight to ground. As long

is the 5 volt DC power supply is on and P2-39 is grounded,

Q23 will turn on turning Q24 on also. This causes the

output P2-15 to be shorted to ground arid a TTL logic 0 to be

measured. If the 5 volt DC power supp'y is removed or the

input P2-39 opened up, Q23 and Q24 will turn off. the

output P2-15 will be forced to 5 volts by the I-kohm pull-up

resistor and a TTL logic I will be measured.



H. 5 Minute and 250 MSEC Timer Tests (31010-31020)

The next few tests deal with timer circuits which

incorporate a military equivalent to the popular NE555

timer. Two timers, Ul and U2 are tested here simultaneously

because the output of timer U1 triggers the timer U2. The

schematics for these tests are shown in FIGURES 29 and 30,

located in APPENOIX C. To begin, the timers must be

initialized~or in other wordspthe timing capacitors

completely discharged. This is accomplished by turning off

the 28-volt power supply and grounding P2-36 for

approximately one minute. This allows the timing capacitors

C3 and C5 to discharge any voltage potential that may be

present. Several inputs have various voltages applied to

them in order to set up the correct state of certain logic

circuits.

1. Ul Timer Circuit

The timer Ul is controlled by the open collector

input P2-36 and operates as a one-shot. AS long as this

input is grounded, the timing capacitor C3 is held

discharged through the series R5, CRI, R3, and CR2 to ground

and the series R4 and CR2 to ground. Opto-isolator number

Q5 is on as long as the 28-volt power supply is present.

Because the trigger and threshold voltages of the timer are

approximately 0 volts which are less than NES55 requirement

of 1/3 Vcc, the output at pin 3 is set high at approximately
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15 volts DC. The normal configuration for a 555 one-shot

would allow the timing capacitor to start charging at this

time,but in this case it is still held discharged until

P2-36 is opened up. When this happens, the voltage across

the capacitor C3 starts to increase exponentially for a

period of I.lRC where R is the sum of R3 and R4 and C is

equal to C3. This equation can be found in any linear data

book which covers the 555 timer. At the end of this time

period at which the voltage is equal to 2/3 Vcc, the

internal comparator resets the flip-flop and drives the

output low. The time it takes the output to go low is

calculated below.

T1 = 1.1*(R3+R4)*C3 = i.1*(lOE3+6.8E6)*40E-6

= 300 seconds for R3=10 kohms

= 32q seconds for R3=560 kohms.

To sum up the above analysis, the voltage at label I

on FIGURE 29 will initially be at approximately 15 volts

minus the drop across the diode CR8. When the input P2-36

is opened up, the timer starts and drives the output at pin

3 low 300 to 324 seconds later (referred to as the nominal

315 seconds from here on). Label I is continued on FIGURE

30 where it is connected to the emitter of Q7. The voltage

on the base of this transistor is set by the voltage divider

network of R25 and R26. The straight voltage divider rule



vields a voltage of 10 volts D' which means that the voltage

at the emitter must be greater than 10 plus 0.7 (the voltage

drop across the base-emitter junction) for the transistor to

turn on. During the 315 seconds that the UI timer output is

high, this transistor will be turned on since the output

voltage of the timer is approximately 15 volts. This

affects two circuits, the U2 Timer Circuit and the Q7/Q8

Transistor Circuit.

2. P2-11/35 Input Circuit

When the connector pin P2-11 has a TTL logic 0

applied to it, the opto-isolator Q6 is turned on. This

grounds the anode side of diode CR9 forcing this input to

node I (see schematic) to have no affect. If the P2-11

inpit pin is at a TTL logic I level, the opto-isolator Q6 is

turned off which forces the anode side of CR9 to

approximately 20 volts, ignoring the load at node 1.

Connector pin P2-35 also has a TTL logic 0 applied to it in

these two tests which forces the anode side of diode CRI0 to

approximately 0 volts. The voltage at label I is controlled

only by the output of timer Ul for these two tests.

3. Q7/Q8 Transistor Circuit

The Q7/Q8 Transistor Circuit is controlled by the 3

wire-ORed sources discussed above: the Ul timer output, the

P2-11 pin, and the P2-35 pin. The wire-ORed node is labeled

node I on the schematic. The transistor Q7 is turned on

whenever the voltage at node I exceeds approximate / the



base voltage, which is determined by the voltage divider

network of R25 and R26 or approximately 10 volts, phis the

junction voltage of 0.7 volts. When the transistor Q7 is

on, transistor Q8 turns on also and grounds the cathode side

zener diode VR4. This causes the transistor Q3 to turn off

and the output connector P2-10 will be forced to a TTL logic

I by the I kohm pull-up resistor connected to 5 volts DC.

After the nominal 315 seconds have elapsed and the voltage

at node i drops below the above threshold, Q7 and Q8 turn

off. The zener diode VR4 is rated at 4.7 volts so it

becomes reversed biased due to the 28-volt power supply and

the 2-kohm resistor R28. This reverse current through the

zener turns Q3 on which shorts the output P2-10 to ground.

A TTL logic 0 will then be measured.

4. U2 Timer Circuit

This output pin P2-9 is controlled by the second

timer U2 which also acts as a one-shot but is configured

slightly different than normal. During the initial 315

seconds when the transistor Q7 is on, the transistor Q4 will

be on also due to current supplied from the Q7 collector.

This causes the timing capacitor to be shorted out and the

threshold voltage at pin 6 to be grounded. As mentioned

above, when Q7 is on, Q8 will be on also and this results in

the trigger level at pin 2 to be shorted to ground. The

timer is in the initial state at this time and the output

set high to Vcc which is 15 volts DC (see Ul timer analysis
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for typical 555 timer operation). One important change in

this configuration is the fact that a 10-kohm resistor, R14,

is connected from the control voltage at pin 5 to ground.

As seen in FIGURE 6 and the derivation below, this changes

the control voltage level of the 555 to 1/2 Vcc instead of

the normal 2/3 Vcc voltage level.

Control Voltage = CV = [Vcc(I0//I0)]/[5+(l0//1.)3

= Vcc(5)/(5+5) = 112 Vcc.

One can see that if the 10 kohm resistor were not

present, the control voltage would be 2/3 Vcc. The timing

equation for the 555 with a control voltage set at 1/2 Vcc

must be derived. The standard equation used for finding the

voltage-time relationship in an RC network is used below,

Vout = Vin[l-e^(-t/RC)]

or t = -(RC)Ln(1-Vout/Vin)

= -(RI )(C5)Ln(I-t/2)

= -(240E3)(IE-6)Ln(.5)

= 166 msec,

To sum up the operation of timer U2, the output is

initially high (about 15 vdc) and transistors Q4 and Q8 on.

This high output is enough to turn on the transistor Q2 and

ground the cathode side of zener diode VR3. Transistor QI
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remains off and the output at connector pin P2-9 is forced

to a TTL logic I by the 1-kohm pull-up resistor tied to 5

volts. After the 315-second-Ul-timer has expired and Q7

turns off, Q4 and Q8 turn off,triggering U2 and allowing C5

to begin charging. After the nominal 166 milliseconds has

elapsed, the output of U2 at pin 3 is driven low,turning the

transistor Q2 off. The reverse current flowing through the

4.7 volt zener diode VR3, which is supplied by the 28-volt

power supply, then turns Qi on, shorting the output P2-9 to

ground. A TTL logic 0 will then be measured. A timing

diagram of the input P2-36 and several other nodes including

the outputs P2-9 and P2-10 is shown in FIGURE 7.

1. 20 SECOND TIMER (32010)

This test uses the same input signals as the

previous timer test in order to discharge the timing

capacitors and set up the proper logic. The schematic

diagram for this test is shown in FIGURE 31, located in

APPENDIX C. The output at CCA pin P2-12 is used to monitor

the timer U3 and the open collector input P2-36 is used

again to trigger the timer. The timer U3 is the military

equivalent to the NE555 timer and once again used as a

one-shot.

I. U3 Timer Circuit

There are two RC timing networks used In the U3

timer configuration, one for the threshold voltage and one
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for the trigger voltage. The control voltage at pin 5 is

set to 1/2 Vcc due to the 10 kohm resistor R45 tied to

ground (see the analysis for the control voltage on the U2

Timer Circuit). The timing equation is therefore in the

same form as that derived for the timer U2 above.

TI = -(RC)Ln(I-1/2) = (0.693)RC

= 0.693*(R46+R47)*C9 = 0.693*2300*1OE-6

= 15.25 seconds.

The second RC network is used to bring the trigger

voltage up smoothly above the required 1/3 Vcc. The trigger

voltage is limited by the voltage divider network of R43 and

R44. Using the voltage divider rule this limiting voltage

is found to be 11.35 volts which is well above 1/3 Vcc. The

initial state of the timer is set by grounding P2-36 and

turning the power off. This allows the two timing

capacitors C7 and C9 to fully discharge. When the voltage

is reapplied and the input P2-36 opened up, the capacitor C7

holds the trigger voltage down for a short time, T2, which

causes the timer to be triggered. The trigger voltage must

however rise above the 555 requirement of 1/3 Vcc before the

15.25 seconds have elapsed or the internal flip-flop will

not switch states. It can be seen by using the time-voltage

equation for an RC network that 1/3 Vcc or 5 volts will be

reached in about 0.4 seconds which is very adequate.
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T2 = -(RC)Ln(1-Vout/Vin)

= -(150E3)(4.7E-6)Ln(1-5/11.35)

= 0.41 seconds.

R = R44, C = C7, Vin = 11.35 volts, Vout = 5volts.

Once the trigger voltage exceeds 1/3 Vcc, the

internal comparator waits for the threshold voltage to reach

2/3 Vcc at which time the output will flip states. The

output at pin 3 is initially high or approximately 15 volts.

After the timer is triggered by opening up P2-36, the

capacitor C9 begins to charge up until 2/3 Vcc is reached.

At this time, TI, which was calculated to be 15.25 seconds,

the output at pin 3 drops to approximately 0 volts.

2. P2-12 Output Circuit

The P2-12 Output Circuit is directly controlled by

the output of the U3 timer. The schematic is included in

FIGURE 31 of APPENDIX C. When the output of the timer U3 is

high, the transistor Q[9 turns on shorting the cathode side

of zener VR9 to ground. Transistor Q20 then turns off and

the reverse current flowing through the 4.7 volt zener VR5

turns the transistor Q9 on. The output P2-12 is shorted to

ground through Q9 and a TTL logic 0 will be measured.

After the 15.25 second timer has expired and the

output at pin 3 drops low, Q19 will turn off. The reverse
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current flowing through the 4.7 volt zener VR9 will turn

transistor Q20 on causing the cathode side of zener VR5 to

be grounded. Transistor Q9 then turns off and the output

P2-12 is forced to a TTL logic I by the -kohm pull-up

resistor. A summary of these states is shown below.

U3-pin3 Q19 Q20 Q9 P2-12 state

HIGH ON OFF ON LOGIC 0

LOW OFF ON OFF LOGIC I

J. 1.5 Second Timer (33010-33020)

Test number 33010 and 33020 test the performance of

the 555 timer U25. The schematics for these tests include

FIGURES 29, 30, and 32 which are located in APPENDIX C.

Several inputs have an effect on the output at connector pin

P2-44. The timer UI which was tested in test series 31000

is used again along with input connector pins P2-1I and

P2-35. These three sources control the node labeled "I" in

FIGURE 29. This node is continued on FIGURE 30 and controls

the Q7/Q8 Transistor Circuit with output at node 2. FIGURE

32 shows the continuation of node 2 which feeds into an

opto-isolator Q44. The output from this device feeds into a

NAND gate, U24, along with the input from connector pin

PI-34. The output from the NAND gate is what triggers the

timer U25 and controls the state of the output at P2-44.
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To begin, the input P2-36 is still left open from

the previous tests so that the output at pin 3 of timer U1

is low or approximately 0 volts. A TIL logic 0 is also

still present on the inputs P2-11 and P2-35. The

combination of these three inputs cause the voltage at node

1 to be at approximately 0 volts. From FIGURE 30 and the

Q7/Q8 Transistor Circuit analysis it is determined that a

voltage level of this magnitude is not enough to turn on the

transistor Q7. Because of this, the transistor Q8 cannot be

turned on either and the voltage at node 2 will be

approximately equal to 25.5 volts. This voltage level is

obtained by isolating the components shown in FIGURE 8 and

calculating the voltage at node 2.

Thevinize the right hand part:

Vth = E(28*RI69)+(27.3*R28)]/[R169+R28]

= [(28*1.5)+(27.3"2)]/[1.5+2]

= 27.6 volts.

Zth = R169//R28 = (2-1.5)/(2+1.5)

= 857 ohms.
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Now take the sum of currents:

[(27.6-V2)/857] = [(V2-4.7-.7)/(8200)]

8200(27.6-V2) = 857(V2-5.4)

V2(8200+857) = 226320+4627.8

V2 = 230947.8/9057

= 25.5 volts.

By looking at the U25 Timer Circuit, it can be seen

that 25.5 volts at node 2 does not provide enough current

through the opto-isolator Q44 to turn it on. Therefore the

TTL logic level at pin 5 of U24 NAND gate is a 1 and remains

this way throughout the test. Pin 4 of the NAND gate is

connected to the input pin P1-34 which is initially a TTL

logic I and then dropped to a TTL logic 0 five seconds

later. During this test the output of the NAND gate is

simply the TTL inversion of P1-34.

1. U25 Timer Circuit

Timer U25 is used here as a one-shot as the others

were but the configuration is somewhat more complicated. A

PNP switching transistor, Q47, is used to ground the

threshold input at pin 6 while the trigger input at pin 2 is

connected directly to the output of the NAND gate. The

initial state of the NAND gate output is TTL logic 0 which

turns transistor Q47 on and forces the trigger input to a

low voltage potential. The specifications for a 555 timer



70

reveal that the output at pin 3 will then remain in the high

state. The timing equation for the U25 configuration is

obtained using the time-voltage relationship for an RC

network. In this case however, the emitter-col lector

voltage present in Q47 does not allow the timing capacitor

to discharge fully. This voltage potential must be included

in the equation as the initial voltage of the capacitor.

The control voltage at pin 5 is again set to 1/2 Vcc by

means of the 10-kohm resistor (R175) placed in parallel with

C29 (see control voltage analysis for the U2 Timer Circuit).

TI = -(RC)Ln[l-(Vout-Vce)/Vin]

= -(R173)(C28)Ln[1-(Vin/2-Vce)/Vin]

= -(I.5)()Ln(.5+Vce/5) where Vce = 0.3 vdc

= 0.87 seconds.

To sum up the operation of the circuit for test

number 33010, the timer output at pin 3 is initially high

while the input P1-34 is held high. When PI-34 is grounded

(TTL logic 0), the output of the timer is forced low

approximately 0.87 seconds later. While the output of the

timer is high, the transistor Q48 will be turned on

providing a ground for the opto-isolator Q45. It then turns

on along with the transistor Q46. The output P2-44 is then

grounded and a TTL logic 0 is measured. After the 0.87

seconds have elapsed and the output of the timer drops low,
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Q48, Q45, and Q46 turn off simultaneously and the output

P2-44 is forced to a TTL logic 1 by the l-kohm pull-up

resistor.

The second part of this test, test number 33020, is

identical to test number 33010 except for the input at

PI-34. In this test the input used is a gated pulse train

which is supposed to simulate the actual signal that would

be present on the weapons system. This signal consists of a

square TTL waveform with a pulse width of 18.5 milliseconds

and a period of 684.5 milliseconds. A burst of pulses is

superimposed on top of the 18.5 millisecond pulses and these

burst pulses have a pulse width of 800 nanoseconds and a

period of 20 microseconds. The test requirements call for

this pulse to be applied to the input P1-34 for 5 seconds

and then ground P1-34 measuring the time it takes the output

at P2-44 to switch states.

From the above analysis it was seen that a TTL logic

high at P1-34 would lock the timer U25 in the ready or high

state and upon grounding of PI-34, the timer would switch

states approximately I second later. The gated pulse train

applied has a 800 nanosecond high time which is sufficient

to keep the timer reset or in other words the time that the

input at P1-34 is low is not enough to allow the threshold

voltage across the timing capacitor to charge to 1/2 Vcc

before being reset by the high pulse. As long as the

circuit is working properly, this gated pulse input can be
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analyzed in the above test.

K. POWER ON SEQUENCE LOGIC TEST (34000)

The Power On Sequence Logic Test involves ten

separate tests each of which includes a set of five inputs

and 14 separate outputs. The test description is laid out

in a logic table on page 14 of the TR document in APPENDIX

C. This series of tests involves several of the CCA

circuits discussed earlier plus four additional circuits

which will be analyzed in this section.

1. P2-1 Input Circuit

The CCA input pin P2-1 is an open collector logic

type which controls a transistor/opto-isolator switching

circuit. The state of this circuit has an affect on several

other circuits. The schematic for this circuit can be seen

in FIGURE 33, located in APPENDIX C. The one output of this

circuit is taken at the collector of Q34. It is assumed

that all of the comparator circuits are off for this

analysis. If any of these circuits were on, the transistor

Q34 would remain on constantly.

The analysis of this circuit is straight forward

using simply the logical states of the transistors. When

P2-1 is grounded, the base of Q43 is essentially zero and

the transistor is off. Current then flows from the 27 volt

source through R143, CR24, and CR23 turning the transistor

6.,iiii mI~l]]]
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Q34 on. The optical isolator Q40 is also on but its output

does not affect this circuit. When Q34 is then turned on,

the collector is essentially grounded and the circuit is

considered to be in the low state.

When P2-i is released from ground, the opposite

states occur. The 27 volt source is enough to reverse bias

the 4.7 volt zener diode VRI5 and turn the transistor Q43

on. The voltage on the collector then falls too low to keep

Q34 on so it turns off. The collector of Q34 is then pulled

up by the resistor R98 which is tied to the 28-volt power

supply. The circuit is then considered to be in the high

state.

2. Flip Flop Circuit

The circuit which the author calls the Flip Flop

Circuit is shown in FIGURE 33 of APPENDIX C. This circuit

has two inputs labeled one and two and one output labeled

node 4. Input number i turns on the transistor Q22 and

input number 2 will turn on transistor Q21 but only one

transistor at a time can be on.

The analysis starts by looking at the portion shown

in FIGURE 9 and determining the voltages and currents

assuming that the transistor Q21 is off.

I = (28-0.7)/(2400+18000+8200) = 0.-5T mA

Vx= 28-1"2400 = 28-0.955j40Uu

- 25.7 vo ts.
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The voltage Vx is the voltage at node 4 and with Q21

off and Q22 on, this voltage is approximately 25.7 volts.

When Q21 is on and Q22 is off as shown in FIGURE 10, the

analysis changes.

28-0.1 = 11(330+2400)+12(2400)

27.9 = 11(2730)+12(2400)

Ii = 0.0102-0.8791*12. (4)

28-0.7 = 11(2400)+12(2400+18000+8200)

27.3 = I1(2400)+12(28600). (5)

Plug EQ. 4 into EQ. 5:

27.3 = 2400(0.102-0.8791*12)+12(28600)

= 12(26490)+24.48

12 = 0.1065 mA.

From EQ. 4:

11 = 0.102-0.8791(0.1065E-3) = 10.11 mA.

Vx = 28-(11+12)2400 = 28-(10.2165)2.4

= 3.5 volts.

rhe voltage at node 4 when Q21 is on and QL. is of

s htrerpfore a~proxirnately .E voits arnd the circuit 1s

,,5 deref _ t., e i r, t' t ow St,3te. A frutL, t)1v- t(ir the
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FIGURE 9 -A Por t4on of the Flip Flop Circuit
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FIGURE 10 - A Portion of the Flip Flop Circuit
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operation of the Flip Flop Circuit is shown in TABLE 2. A

truth table showing the operation of the Flip Flop Circuit

along with the conditions which control it and the P2-13

Output Circuit is shown in TABLE 3.

3. P2-13 Output Circuit

As seen on the schematic diagram shown in FIGURE 34

of APPENDIX C, the CCA output pin P2-13 is controlled by

three sources: the P2-35 input pin, the P2-1 Input Circuit

just discussed, and the output from the U3 Timer Circuit.

These three sources are wire-ORed together by the diodes

CR12, CRII, and CR14. When any of the three sources are in

the high state, the transistors Q17 and Q16 turn on.

The transistor Q17 turns on whenever the voltage at the

emitter exceeds the base voltage, determined by R38 and R39

to be 10 volts, plus the base-emmitter voltage of about 0.7

volts. The cathode side of the 4.7 volt zener diode VR6 is

then grounded and Q15 turns off. The output at pin P2-13 is

then pulled high by the I-kohm pullup resistor and a TTL

logic I would then be measured.

All three sources must be in the low state in order for

Q16 and Q17 to oe off. When this state occurs, the current

supplied by the 2B volt power supply through R63 and the

zener VR6, which is now reversed biased, is enough to turn

on transistor Q1S. The output pin P2-13 is then shorted to

ground resulting in a TTL logic 0.
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TABLE I I

TRUTH TABLE FOR THE FLIP FLOP CIRCUIT

INPUT 1 1 INPUT 2 11 OUTPUT NODE 4
0 0 H NO CHANGE
0 1 LOW
1 0 HIGH
1I I fOES NOT EXIST

TABLE III

TRUTH TABLE FOR FLIP FLOP CIRCUIT, P2-13 OUTPUT
CIRCUIT, AND CONTROLLING INPUTS

P2-IIP2-36 P2 351U3 OUTPUT:INPUT I:INPUT 21NOGE 4!P2-13
0 0 0 HIGH 0 1 LOW I
0 0 1 HIGH 0 1 LOW I
0 1 0 LOW** 1 0 HIGH I
0 1 1 LOW** 1 0 HIGH I
1 0 0 HIGH 0 1 LOW I
1 0 1 HIGH 0 I LOW I
I I 0 LOW** 0 0 LOW- 0
I 1 I LOW** 0 0 LOW- I

There is no change in this state. The output of the

Flip Flop Circuit remains in the LOW state.

" The output of the U3 Tiner, pin 3, will ao lr,w 15
seconds after P2-36 goes from low to high.
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4. P2-37/38 Output Circuit

The two CCA output pins P2-37 and P2-38 are

connected in series through two optical isolators QI1 and

Q12. The schematic for this circuit is shown in FIGURE 35

of APPENDIX C. The state of the two opto-isolators are

always the same and are controlled by the three sources: Ul

Timer output, U3 Timer output, and the P2-I Circuit output.

The three sources are also wire-ORed together by the diodes

CR6, CR25, and CR13 which feed into and control the emitter

of the transistor Q14. When the output of the Ul or U3

Timer Circuits is high, this point will also be high forcing

transistors Q13 and Q14 to be turned on. This also occurs

whenever the output from the P2-i circuit is low which

causes transistor Q98 to be off. The pullup resistor R41

tied to the 28 volt supply then allows current to flow

through CR13 and turn Q14 on. A truth table showing the

state of the three inputs versus the level at the node

labeled 4 is shown in TABLE 4.

Whenever the node labeled 4 is in the high state,

transistors Q13 and Q14 are on which shorts out the

opto-isolators QIl and Q12. The two I-kohm pullup resistors

connected to the P2-37 and P2-38 output pins then Force

these outputs to a TTL logic I level. Transistors Q13 and

Q14 turn off when node 4 Is at the low state and the

opto-isolators then both turn on. The output P2-37 is

shorted to ground resulting in a TTL logic 0 and the output
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TABLE iv

P2-37/38 OUTPUT CIRCUIT TRUTH TABLE

P2-1i P2-36 UI OUT - U3 OUT P2-1 OUT P2-37 P2-38

1 0 1 1 0 1 1
o I 0 I

1 2 0 0 1 0

IThe U output goes low 315 seconds after P2-36 is
opened up. The U3 output goes low 15 seconds after

P2-36 is opened.

P2-36 is low if P2-14 is grounded, otherwise it
remains high.

I
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P2-38 also becomes grounded if the control pin P2-14 is tied

to ground. If this is the case (normal operation), then

P2-38 and P2-37 will always be in the same sta e. Otherwise

the output P2-38 will remain in the TTL logic I condition.



IV. ACCEPTANCE TEST PROGRAM DESCRIPTION

A. Program Header and Initial Conditions

All programs written for use with the TE304 follow

standardized testing procedures and format such as the

header seen on the Acceptance Test program listing in

APPENDIX F. These program format development procedures are

required by the Navy and do not pertain to this thesis

project and therefore will not be discussed. However

descriptions of how each of the individual circuit tests are

performed will be discussed. It is also assumed that the

reader has a basic understanding of the HP Basic 3.0

programnming language.

The header used on all the TE304 software is

identical to that in the program listing which runs from the

beginning to line number 470. This header contains the

common variables used by the system software and also loads

all of the subprograms from the hard disk drive. Program

line 220 disables the keyboard, including the RESET key,

which prevents the operator from interrupting the testing

process except for the few times he or she is prompted by

the computer. Program lines 240 through 340 contain the

global or common variables found in the main program and in

the subprograms and line number 350 dimensions the variables

used only in the main program. The Subprograms, which are

81
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stored in three directories, are loaded into the computer by

lines 360 through 410. The remaining part of the header

simply enables the interface interrupt lines and sets up the

softkeys and keyboard handling routine.

The initial conditions for testing the CCA are

described in the TR but will be repeated here briefly. The

CCA requires three power supplies. The first power supply

has an amplitude of +28 volts DC and is connected to pins

PI-18, 19, and 43. The second power supply is set at +5

volts DC and is connected to pins P2-24 and 48. Power

supply number three is set for -5 volts DC and is connected

to pin P2-47. Pins PI-17, P1-27, P1-42, P2-14, P2-17,

P2-25, and P2-49 are grounded. In addition to the power

requirements, there are simulated resistive loads which must

be connected to various CCA pins. These loads are listed on

page 7 of the TR in APPENDIX A. The HP Digital Read Card in

the Multiprogrammer provides the I kohm pullup resistors so

only four resistors are needed in the patchbox adapter

circuit.

B. Patchbox Identification Check

Before any CCA test can be performed on the TE304, a

patchbox identification check must be performed to insure

that the right patchbox is inserted for the test being run.

This prevents mishaps such as damaging the patchbox

circuitry or the CCA itself. A rather simple and
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standardized method is used to accomplish this.

Each patchbox contains two resistors which are

connected between Measurement Matrix points 98, 99, and 100

with no two patchboxes having the same values. The actual

identification test, which is performed in program lines 520

through 650, simply checks the resistance of these two

resistors by closing the above matrix points to the Digital

Multimeter, which is set up for four wire ohm measurement.

The measured values are then compared to assigned values

written in the software. If the values do not match then

the program will abort giving a patchbox identification

error. The FIT subprogram is used for this purpose because

these two tests are only a check and do not have any test

numbers assigned to them.

C. Continuity Tests (10010-10160)

This series of 16 tests simply checks the wire lands

between the CCA connector pins and the CCA test point

connector. Two CCA resistors are also checked as a

verification of the correct board. This is for the same

reasons that the patchbox identification test described

above was performed. Program lines 670 through 930 contain

the software for this series of tests which is quite

straight forward.

All the data including the matrix points and the

test numbers are containeo in DATA statements at the

in
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beginning of the test series. Matrix points of the right

coordinates are closed successively while the Digital

Multimeter reads the resistance between the two points.

This is accomplished in a FOR-NEXT loop which takes care of

closing the correct matrix relays, taking the readings, and

comparing the reading to the TR specifications. If any of

these tests fail, the program will automatically abort to

protect against damage that would occur if the wrong board

was plugged into the Test Set. Because these are actual CCA

tests, the FNTEST function is used to compare the results,

print the results on the screen, and store the results in a

large array for later use.

0. Current Demand Tests (1lO10-11030)

In the Current Demand test sequence, program lines

950 through 1250, the power to the CCA is turned on and the

current drawn from each of the three power supplies is read

back from the supply (the HP 6034A Power Supplies have this

feature). If any of the power supplies exceed a current

limit of I amp, the program will abort. Otherwise the

readings are compared with the TR tolerances and the results

printed on the screen and stored using the FNTEST function.

Also as a double check the supply voltages are measured

using the Digital Multimeter and the FIT subprogram.
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E. Patchbox Circuit Test

Any circuitry used in the Patchbox Adapter Interface

must be tested for proper operation. In this ce: e only one

integrated circuit is used and the testing made very simple.

The schematic for the circuit is shown in Figure I of

APPENDI\ D.

The 5 volt supply is first connected to the circuit

through one of the Multiprogrammer relays and then five

tests are performed on the circuit. These tests are

described on page 2 of the Fault Isolation TR which is

contained in APPENDIX B and duplicated in Table 5. Again,

because these are not CCA tests, the FIT subprogram is used

and the program is aborted if any of the five tests fail.

F. TIM Reference Voltage (20010)

The TIM reference voltage test is a DC voltage

measurement which roughly checks the regulator circuit on

the CCA. The measurement is taken at the P2-27 connector

pin with an expected value of 5.1 volts. The software for

this test is contained in program lines 1550 through 1650

and uses the FNTEST Function to perform this single test.

Matrix points are closed and opened using the STIM

subprogram and the measurement taken using *he Dig't,-i

Multimeter and the FNDVMR function.
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TABLE V

PATCHBOX ADAPTER CIRCUIT TEST DESCRIPTIONS

10 NOMINAL

CODE TEST DESCRIPTION AND UNITS LIMITS
----- ----------------------------.. .

Apply Logic I to adapter pin A33
(DW#2). Apply pulse train to
adapter B34 with a 10 msec period

and a I msec pulse width.

TESTXII Measure pulse width at B32. I msec 0.5
1.5

TESTX21 Apply Logic 0 to A33 and measure 0 0

pulse width at B32.

TESTX3: Measure TTL level of A33. LOGIC 0 .8 vdc
0 vdc

TESTX4 Apply Logic 0 to A22 (DW#O). LOGIC 0 .8 vdc

Measure pin A20. 0 vdc

TESTX5: Apply Logic 1 to A22 and measure LOGIC I 5.2 vdc

pin A20. !2.4 vdc
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G. AC/DC Gain Tests (21010-21430)

As seen in the Acceptance Test TR contained in

APPENDIX A, there are 9 AC gain tests and 3 DC gain tests.

These are al I performed on 741 operational amplifiers on the

CCA and are all very similar in circuit configuration. It

is for this reason that the testing is condensed into one

software loop which includes program lines 1710 through

1960. The threshold and TTL output tests which do fall into

this testing series are performed after the gain tests are

completed. An individual gain test involves connecting a

stimulus, either AC or DC, to the indicated connector pins,

which are op-amp inputs, and then measuring the outputs at

the specified pins. The input signal is also measured and

the gain of the circuit calculated and compared to the

tolerances in the TR.

All of the AC gain tests involve frequencies of I

and 10 Hz which are too low for the HP1980A Oscilloscope to

measure accurately. The Digital Multimeter is used to

digitize the waveforms and then calculate the equivalent rms

value in volts DC. This method is very accurate and

provides excellent results. The program lines used to

accomplish this are 1860 and 1870 for the input signal and

1890 and 1900 for the output signal. Program lines 1980

through 2090 contain the DATA statements for the test series

and include the test numbers limits, input frequencies and
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amplitudes, and the matrix point coordinates.

If the frequency read from the DATA statements is

zero then a DC gain measurement will be performed. In this

case the Multimeter reads the input and output voltages

directly in DC volts. The gain is then calculated and the

result compared to the tolerances using the FNTEST Function.

H. DC Threshold Tests (21050-21450)

The five threshold tests are performed on the CCA

comparators and are an extension of the op-amp tests

described above. An initial DC voltage is applied to the

specified CCA connector pin using the Digital Voltage Source

and then incremented or decremented in 10 mV steps until a

specified output pin, which is being continuously monitored

by the Multimeter, switches from one state to another.

Again the software accomplishes these tests in a

FOR-NEXT loop running from lines 2140 through 2390. This

loop takes care of applying the initial voltage,

incrementing or decrementing it, and monitoring the output

voltage until it switches to the specified logic level.

When this occurs, the input voltage at that time is compared

to the limits in the TR using the FNTEST function. The DATA

statements in lines 2400 through 2440 contain the test

numbers, limits, initial voltage, matrix point coordinates,

and the logic switch level to be monitored for each of the

five threshold tests.
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I. TTL Output Tests (21260 and 21270)

Program lines 2460 through 2630 contain the software

for the two TTL output tests. Two additional outputs of the

comparator circuits used in the threshold tests are tested

for proper level, which make these tests simply an extension

of the threshold circuit tests described above. A DC

voltage is applied to the P2-29 and P2-28 CCA input pins and

the TTL logic level of the PI-47 connector pin is measured.

The only difference between the two tests is the voltage

level applied to an additional input pin (P2-6). In the

first test this pin is left open and in the second test 28

volts is applied to it.

Both tests are performed in the same FOR-NEXT loop

in the software while only changing the test number, limits,

and input voltages accordingly. The test number and limits

are read from the DATA statement on line 2630 and the FNTEST

function used to compare and store the results.

J. Full Power CDC/FPD Logic Test (30010)

There are six individual readings which are taken

during this test series. Each of the readings represent a

TTL logic output which corresponds to a specified set of

inputs shown on page 12 of the Acceptance Test TR contained

in APPENDIX A. The CCA connector pin P2-39 which is of open

collector logic is one of the inputs and the +5 volt power
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supply is the other input. The circuits tested here include

two almost identical optically isolated switching networks

with one of the outputs on pin P2-41 and the other on pin

P2-15. The third part of the test is performed with the +5

volt power supply turned off.

The software which performs this test series

includes program lines 2650 through 2810. Again a loop is

used to simplify and shorten the measurement routines. The

two TTL output pins P2-41 and P2-15 are monitored by the

Digital Read Cards in the Multiprogrammer and the subprogram

FNDR$ used in line 2750. The comparison of the readings and

the TR limits is done in lines 2760 through 2780 by the

FNTEST function which actually stores and displays the data.

K. Power On Sequence Logic Test Part 1 (34010-34040)

This series of test performs the first four tests of

a ten test TTL logic table seen on page 14 of the TR

document contained in APPENDIX A. Each of the ten tests

includes a specified set of five input conditions, some of

which are TTL logic, and a set of 14 TTL logic outputs which

must match those listed in the TR. Almost all of the

outputs are measured using the Digital Read Cards in the

Multiprogrammer and the FNDR$ software function. The

additional outputs are measured with the Digital Multimeter

and converted to logic levels using the FIT subprogram.

Program lines 2830 through 3420 contain the software
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needed to perform these four tests. Again a large loop is

used to accomplish this easily. Initial CCA conditions are

required for this series of test and these inputs or states

are set up by the statements in lines 2860 through 2950.

These statements connect the matrix points and turn on the

power supplies required by the TR as initial conditions and

also configure the Pulse Generator and the Pulse/Function

Generator for the required pulse train needed as one of the

five inputs.

It was necessary to add an additional test prior to

beginning this series. The gated pulse train mentioned

above is applied to a NAND gate which has been a common

failure on this CCA. In order not to load down this pulse

train, it was necessary to check the accuracy of this input

with the stimulus applied. Because this is an actual test

of the CCA it was given a test number of 90010 and will be

added to the TR in future documents.

The four tests are performed inside of the FOR-NEXT

loop which applies the specified inputs, takes all 14 of the

readings, and compares them to the TR. The string of 14

logic levels is converted to an octal number in lines 3310

and 3320 and this number compared to the octal equivalent

listed in the nominal column in the T9. The DATA statements

in lines 3390 through 3420 contain the test number, input

logic levels, and the octal equivalent of the expected

output levels.
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L. 5 Minute and 250 Msec Timers (31010 and 31020)

Two 555 timers which are connected in series (one

timer triggers the other timer) are tested here for accuracy

of time delay. The first timer, U1, has a nominal time

delay of 315 seconds and the second timer, U2, has a time

delay of 250 milliseconds. Again initial conditions are

required to perform these tests and these are identical to

those discussed in the Power On Sequence test discussed

above. Additionally, the timing capacitors used by the two

555 timers have to be completely discharged. This is

accomplished by grounding the trigger input pin P2-36 and

turning off the power supply for 60 seconds. The power is

then turned back on, the trigger pin opened up, and the

delay times measured. The 250 millisecond timer delay is

measured by the Frequency Counter while the 5 minute delay

measured by the Computer.

Program lines 3450 through 3930 contain the software

for these two test and is fairly straight forward. The

initial conditions which were set up in the previous Power

On Sequence test are left on so it is not necessary to

repeat them in this section. As with all the tests

performed on the TE304, provisions for a test repeat are

available. However in this case, if the test is repeated,

the timing capacitors must be completely discharged before

taking a second reading. An IF-Then-Else format is used to
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accomplish this and is seen in lines 3530 through 3650. if

it is the first time through with the test then the

capacitors are discharged as mentioned earlier for 60

seconds. Any repeat of the test forces the capacitors to be

discharged for a full 330 seconds because the power supplies

cannot be turned off as they were for the first test.

Once the capacitors have been discharged the trigger

pin P2-36 is opened by the OC (open collector) subprogram

and the Open Collector Card in the Multiprogrammer and the

time measured for the outputs at pins P2-10 and P2-9 to

switch states. The 315 second delay is measured using the

clock in the computer and the REPEAT-UNTIL loop shown in

lines 3750 through 3790. The 250 millisecond delay is

measured by the Frequency Counter and the FNCNTR function

shown in line 3810. These measurements are then compared to

the limits in the TR and the results stored and displayed by

the FNTEST function.

M. 1.5 Second Timer Test (33010 and 33020)

The 555 timer (U25) circuit is tested in this pair

of tests. The same initial conditions for the CCA apply

here and are still active from the 5 Minute Timer test. The

trigger input for this timer is CCA cDnnector pin PI-34,

which is the same pin that the gated pulse train was applied

to in the Power On Sequence Logic test. The first of the

two test calls for a TTL logic I to be applied to this pin
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and to wait 5 seconds causing the timing capacitor to be

discharged. A TTL logic 0 is then applied to the P1-34

input and the time delay at the output pin P2-44 measured.

The second test is identical to the first however the gated

pulse train specified in the TR is applied in place of the 5

second TTL logic 1.

The Acceptance Test program lines number 3950

through 4240 perform these two tests and are fairly straight

forward. The Frequency Counter is used to measure the time

delay and is connected by the Stimulus Matrix and configured

in lines 3970 and 4010. The Digital Voltage Source and the

DVS subprogram are used to apply the TTL logic levels in

lines 3990 and 4020. In the first test the measurement is

taken in line 4040 using the FNCNTR (function Counter read)

function and the results stored and displayed by the FNTEST

function.

In the second test, test number 33020, the gated

pulse train is applied using the Pulse Generator and the

Pulse/Function Generator. These instruments are configured

using their respective subprograms in lines 4110 and 4120.

The Digital Write Card in the Multiprogrammer is used in

conjuction with the Patchbox Adapter Circuit to turn this

pulse train on and off while triggering the Counter to take

a reading at the same time. This is accomplished in lines

4130 through 4160 and the reading entered into the computer

using the FNCNTR function as before.



N. Power On Sequence Loqic Test Part 2 (34050-34100)

This series of test includes six test numbers and is

the second half of the previously discussed Power On

Sequence Logic test. The initial conditions are all the

same and the format of testing is identical having the same

five inputs and 14 outputs. The logic table is listed on

page 14 of the TR document contained in APPENDIX A and this

series of test refers to tests 5 through 10 on that table.

The software for this series of test is similar to

that of the first half of the Power On Sequence test with

the readings being taken by the Digital Read Cards in the

Multiprogrammer and the Digital Multimeter. This section

includes program lines 4260 through 4900 and contains a

large FOR-NEXT loop which applies the input logic levels,

takes the readings, converts them to an equivalent octal

number as before, and compares the results to those of the

TR. The subprograms and functions are the same as those

used and discussed above. The initial conditions described

in part I of this series are removed upon completion of the

last test in lines 4790 through 4840.

0. 20 Second Timer Test (32010)

The 20 Second Timer test is the last single test of

the CCA Acceptance Test Program and measures the time delay

of the 555 timer U3. The CCA connector pin P2-36 is the



trigger For this timer and this pin is grounded and the

power supply turned off For ten seconds in order to

discharge the timing capacitors. When the power is

reapplied and the trigger released using the Open Collector

Output Cards in the Multiprogrammer, the time delay is

measured at the P2-12 output pin using the clock in the

computer.

Program lines 4920 through 5180 contain the software

for this last test and runs straight through with no loops.

Two REPEAT-UNTIL loops, which run from lines 4970 through

5000 and lines 5060 through 5100, are used however to create

the ten second delay and make the actual time delay

measurement of the timer. The measurement is then compared

to the tolerances given in the TR, stored, and displayed by

the FNTEST function in line 5170. Upon completion of this

last test, the ENDTEST program is loaded and run by the

statement in line 5250.



V. FAULT ISOLATION TEST PROGRAM DESCRIPTION

A. Overview

The Fault Isolation Program for the CCA is listed in

APPENDIX G and follows the same standardized testing format

as that of the Acceptance Test Program. However a few major

changes in the way the program is run have been made. The

Acceptance Test Program is run straight through with little

or no operator intervention. In the case of the Fault

Isolation Program, the operator runs different fault

isolation tests for different circuits on the board from a

menu on the screen. The operator is also required to

connect various probes and integrated circuit clips to the

components on the CCA so that additional measurements

otherwise not available can be obtained. The Test Set

operator is only required to run fault isolation on those

circuits which fail the acceptance testing.

The header of the Fault Isolation Program, which

ends at line number 640, is very similar to that of the

Acceptance Program. It contains the same common or global

variable declarations, a section which loads all the

subprograms and functions from the hard disk drive, and an

additional section which enters data from files used to

display the CCA components layout on the screen. This

graphical display of the CCA aids the operator in finding

97
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parts that require a probe or chip clip to be connected.

The softkeys and keyboard handling routines are also enabled

in this header.

Before any power is applied to the CCA, the software

must check that the correct Patchbox and CCA are inserted

into the TE304 Test Set. This is accomplished in the same

manner as that in the Acceptance Test Program. The program

lines which perform these checks are 660 through 970. If

any of these two checks fail, the program will abort giving

an error message accordingly.

Once the correct Patchbox and CCA have been

verified, power is applied to the CCA and the current demand

tested. If one or more or the power supplies exceed the

specified limit, the computer will prompt the operator if he

or she wishes to continue. It is possible in this case to

feel the components on the CCA for one that is too hot and

probably defective. Program lines 980 through 1240 perform

these steps and continue on if the currents are acceptable.

After power is applied to the CCA, a mandatory

series of tests is performed on the voltage regulator

circuiL. This circuit provides reference voltages

throughout the board and has been known to cause

catastrophic failures. The subroutine which performs this

test series will be discussed later. However, following

completion of the voltage regulator test, a menu is

displayed on the screen which allows the operator to run any



series of fault isolation tests on the various circuits that

make up the CCA. Program lines 1290 through 1520 contain

the menu and associated logic and upon completion of any of

the fault isolation test series, the program will return to

this menu. Item number 18 in the menu is provided for

terminating the program.

B. Voltage Regulator Circuit (200110-200170)

As described in the Fault Isolation TR contained in

APPENDIX B, there are 7 individual tests which make up this

series. The subroutine T20010 which performs this series

begins on line number 1740 and ends at line number 2360.

This subroutine, as do all the fault isolation subroutines

and subprograms, contains one section which performs the

tests and a second section which determines which components

on the CCA, if any, are bad. The FINDIT subprograms used

in lines 1800 through 1850 instruct the operator to connect

the measurement probes to the various CCA components. The

test numbers, limits, and matrix point coordinates are

contained in the DATA statements on lines 1870 through 1890.

The seven tests are performed in a FOR-NEXT loop

which runs from line 1910 to 2120. This loop sets up the

testing conditions as specified in the TR, takes the reading

using the Digital Multimeter, and compares the results to

the limits using the FNTEST function.



These seven measurements are used in the fault

isolation flow chart to determine any faulty components.

The flow chart for this test series is shown in Figure I of

APPENDIX E. The software equivalent of this flowchart

begins at line 2140 and ends at line 2340 and uses the

FOUNDBAD subprogram to display, print, and store the

resulting bad parts.

C. VBMT, 1FKT. and IFMT Op Amp Circuits (210010-214060)

There are three operational amplifier circuits on

the CCA which are tested for proper gain at different

frequencies. Each of the three independent fault isolation

routines for these circuits are exactly identical except for

the test numbers, part numbers, and a few voltage readings.

These three series have six individual tests, plus one check

called Test8, that fault isolate the VBMT, IFKT, and IFMT

operational amplifier circuits respectively. The first five

tests involve DC voltages and the sixth test an AC voltage.

The additional calculation called Test8 is needed for one of

the fault isolation flowchart branches. Descriptions of

each individual test can be found in the Fault Isolation TR

located in APPENDIX B under test numbers 210010 through

210060 for the VBMT circuit, 212010 through 212060 for the

IFKT circuit, and 214010 through 214060 for the IFMT

circuit.

The subroutine used for the VBMT op amp circuit



-flb

101

begins on line number 2400 with the subroutine name T21010

and ends on line number 3120. Because the AC signal and

readings used in the fifth test are at 10 Hz, the Digital

Multimeter must be used to digitize the waveforms and

calculate the rms values. These digitized waveforms are

stored in arrays which are allocated in line 2430. The 741

operational amplifier must have a chip clip attached to it

and this is accomplished using the FINDIT subprogram in

line 2450. Test numbers, limits, and matrix point

coordinates are contained in the DATA statements on lines

2470 and 2480.

Once again a FOR-NEXT loop is used to set up the

individual testing conditions, close the appropriate matrix

points, take the measurements, and compare the results to

the limits. This loop begins on line 2530 and ends on line

2820. Inside this loop there is an IF-THEN-ELSE format

which separates the DC tests from the AC test. The FNDVMR

function is used to take the DC readings in line 2660 and

the DVMTIME and FNDVMRMS subprogram and function used to

digitize the AC waveforms and convert them to an rms value

in lines 2740, 2750, 2780, and 2790. After all six

measurements have been completed, the Function Generator

used for the DC and AC stimulus is turned off by the TOGGLE

subprogram in I ne 2840 and the waveform storage arrays are

deallocated or erased from memory in line 2860.

The second major section of the routine performs the
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actual fault isolation in accordance with the fault

isolation flowchart for this circuit which is shown in

Figure 2 of APPENDIX E. Program lines 2870 through 3100

implement this flowchart using IF-THEN-ELSE statements and

the FOUNDBAD subprogram to indicate the bad parts. Line

number 3120 forces program flow back to the menu after

completion of this test series.

The IFKT and IFMT operational amplifier routines are

identical to the VBMT routine described above. The IFKT

subroutine is labeled T21200 and begins on line 3730 and the

IFMT subroutine is labeled T21400 and begins on line 5900.

The fault isolation flowcharts are shown in Figures 4 and 7

of APPENDIX E.

D. Comparator Circuits (210510-214570)

There are a total of five comparator circuits on the

CCA. The test numbers 210510 through 210570 pertain to the

VBMH comparator which is an extension of the VBMT op amp

circuit described above. The second and third comparator

circuits are labeled IFKL and IFKH and include test numbers

212410 through 212570. These two circuits are extensions of

the IFKT op amp circuit. The last two zomparator circuits

are extensions of the IFMT op amp circuit and are labeled

IFML and IFMH using test numbers 214410 through 214570. All

five fault isolation routines are very similar with

differences only in test numbers, test values, and part
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numbers. However, there are a few additional variations in

circuit configuration and the appropriate software. Test

descriptions can be found on pages 3 through 5 of the Fault

Isolation TR document included in APPENDIX B.

The Subroutine for the VBMH comparator circuit is

labeled T21050 and begins on line number 3130. The FINDIT

subprogram is used in lines 3190 and 3200 like before to

instruct the operator to connect the chip clip and the red

probe to the specified CCA components. The DATA statements

in lines 3230 and 3240 contain the test numbers, limits, and

matrix point coordinates for the various measurements.

There are seven tests in this series and a FOR-NEXT loop

running from line 3320 through 3510 handles the setup

conditions, closing the proper matrix points, taking the

readings, and comparing the results to the limits. All the

readings are DC voltages and are obtained using the Digital

Multimeter and the FNDVMR function in line number 3410. As

in all the CCA tests, the FNTEST function is used in line

3480 to compare the results with the limits, store the

results in the data array, and display the results on the

screen.

The section of software beginning on line 3520 and

ending on line 3600 performs the actual fault isolation of

bad parts in accordance with the fault isolation flowchart

shown in Figure 3 of APPENDIX V. This section of software

uses the IF-THEN-ELSE format and the FOUNDBAD subprogram to
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determine and display, if any, the bad parts.

The fault isolation routines for the IFKL and IFKH

comparator circuits are run consecutively before returning

to the menu. The subroutine which performs these two fault

isolation routines is labeled T21240 and begins on line

number 4490 and ends on line 5890. The IFKL routine is

performed first followed by the IFKH routine which begins on

line 5250. These two fault isolation routines are almost

identical to that of the VBMH comparator routine described

above. The fault isolation flowcharts for these circuits

are shown in Figures 5 and 6 of APPENDIX E.

The fault isolation routines for the IFML and IFMH

comparator circuits are also run consecutively before

returning to the menu. This subroutine is labeled T21440

and includes program lines 6660 through 7840. The IFML

fault isolation routine is performed first and the IFMH

routine, which begins on line 7290 is performed second. The

software and individual tests for these two circuits are

also almost identical to that of the VBMH comparator

circuit. The fault isolation flowcharts for these circuits

can be seen in Figures 8 and 9 of APPENDIX E.

E. Full Power CDC/FPD Logic Circuits (300110-300180)

The CDC and FPD logic circuits are simple optically

isolated switching networks and are almost identical. There

are four individual tests performed on the two circuits
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making a total of eight tests for this series. The two

series of four tests are identical except for the fourth

test in which the 5 volt power supply is turned off in the

First series and the CCA connector pin P2-39 is opened for

the second. The complete test descriptions are found on

page 6 of the Fault Isolation TR located in APPENDIX B.

The subroutine which performs these eight tests is

called T30010 and begins on line 7850 of the Fault Isolation

Program. Again the FINDIT subprograms are used to instruct

the operator where to connect the measurement probes on the

CCA. The DATA statements in lines 7970 through 8000 contain

the part numbers for each network, test numbers, limits, and

the coordinates for the matrix points to be closed. The

OC("OIB") statement in line 8020 grounds the P2-39 pin

through the Open Collector Output Card in the

Multiprogrammer prior to testing.

The actual measurements are taken within a nested

FOR-NEXT loop beginning on line number 8060 and ending on

line number 8200. The steps in the loop are repeated for

all of the eight tests and include reading the data for a

test, setting up the testing conditions, taking the

measurement, and comparing the results to the limits. The

first two measurements of each series are DC and are

obtained using the Digital Multimeter and the the FNDVMR

function in line 8120. The last two readings are TTL logic

levels which are obtained through the Digital Read Card in
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the Multiprogrammer and the FNDR$ function in line 81S0.

The fault isolation flowcharts for these two

circuits are shown in Figures 10 and 11 of APPENDIX E.

Except for the part numbers they are also identical and the

software equivalent is performed in lines 8210 through 839C

following the loop described above. A larger FOR-NEXT loop

which is run twice, once for each circuit, begins on line

number 8040 and ends on line number 8400 includes the

measurement taking loop and flowchart section described

above. After the fault isolation routines for the CDC and

FPD circuits have been completed, the program returns to the

menu by the GOTO statement in line 8420.

F. Power On Sequence Logic Tests (34010-34100)

There are two sections of these tests which are

called from the menu. The first part includes test numbers

I through 4 and the second part includes test numbers 5

through 10 as seen on page 14 of the Acceptance Test TR

contained in APPENDIX A. The subroutines in the program

include lines 8710 through 10270 and are exactly identical

to those described in the Acceptance Test Program. They are

repeated here only to determine which of the fourteen

outputs measured did fail. Once this has been determined,

the appropriate fault isolation routines can be initiated.

Whenever a failure occurs in this section, the

subroutine WHICHONE is called to determine which of the



107

outputs failed. This routine begins on line number 21840

and ends on line number 22210. The character string of

outputs obtained from the test is compared with the correct

character string formed from the test limits, which are of

octal form, producing the pin number of the bad output. The

appropriate fault isolation routine or routines are then

initiated.

G. UI Timer Circuit (310110-310170)

Some of the CCA circuits involve several smaller

circuits which can be broken apart and tested individually.

In addition to this fact, several of these smaller circuits

overlap to form other networks of the CCA. It is because of

this that a separate section of subroutines for each of the

smaller circuits was developed and included at the end of

the main program. The section of software listed in lines

8430 through 8700 includes three subroutines called from the

menu that in turn call the appropriate fault isolation

routines for the smaller circuits that make up that network.

The following is a description of the first of these

subroutines.

The UI Timer Circuit consists of a 555 timer and

associated components which create a nominal delay of 315

seconds upon triggering through the P2-36 CCA pin. The

subroutine for this circuit includes program lines 10780

through 12430 which also contains a separate routine for
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tailoring the time delay if necessary. A total of seven

tests are performed in this series, all of which are

accomplished inside the FOR-NEXT loop beginning on line

11030 and ending on line 11310. The descriptions of these

tests can be found on page 6 of the Fault Isolation TR

contained in APPENDIX B.

The FINDIT subprogram and DATA statements in lines

10850 through 10990 are used as described in previous

subroutine descriptions. The testing loop mentioned above

also performs the same tasks as those of the previous

subroutines. Inside this loop however is a REPEAT-UNTI

loop which uses the clock in the computer to measure the

time delay of the circuit in the fifth test. The other six

tests are DC voltage measurements and use the Digital

Multimeter and FNDVMR function in line 11270.

Following the testing loop, the section of software

which is equivalent to the fault isolation flowchart shown

in figure 12 of APPENDIX E is performed. This section

includes lines 11330 through 11750 and determines the bad

components or initializes the tailoring routine if

necessary.

The tailoring routine begins on line 11960 and is

used to tailor the resistor R3 in an effort to produce a

time delay within the TR tolerances. If in the fifth test

when the time delay is measured, the circuit does switch but

at a time just outside the limits, this routine will be
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cal led. When this happens, the operator must clip the R3

resistor off allowing this resistance to be measured by the

Digital Multimeter (program line 12120). A new value is

then calculated from this value and the actual time delay

measured in the fifth test. This new value is then inserted

into the circuit using the Decade Resistor and the DECADE

subroutine in line 12370 and the test series repeated. If a

resistance value cannot be calculated, then all of the

timing components are replaced and the program returns to

the menu.

H. U2 Timer Circuit (310410-310480)

The U2 Timer Circuit also uses a 555 timer to create

a time delay. This timer with its associated components

produce a nominal time delay of 200 milliseconds upon a

trigger from the Q7-Q8 Transistor Circuit which will be

discussed later. There are eight individual tests in this

series, all of which are DC voltage readings except for the

sixth test which is the time delay measurement. The eight

tests are described on page 7 of the Fault Isolation TR

contained in APPENDIX B.

The subroutine for this test series is called

U2_TIMER and begins on line number 12450. The format of

this routine is the same as all the routines that have been

discussed earlier. It begins with the FINDIT and DATA

statements followed by the FOR-NEXT loop beginning on line
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and FNCNTR function :n line 12830 are used to measure t-e

time delay of the circuit while the Digital Multimeter and

FNDVMR function in line 12720 used to make the DC readings.

The CNTS subprogram is used in line 12810 to configure the

Counter for a time A to B measurement.

The fault isolation flowchart for this circuit is

shown in Figure 13 of APPENDIX E and reproduced in the

software section running from lines 12910 through 13340. No

tailoring is required for this circuit.

I. U3 Timer Circuit (320110-320160)

This circuit also has a 555 timer and with its

associated components, produces a nominal time delay of 15

seconds. The trigger for this circuit is again the CCA

connector pin P2-36 which is controlled by the Open

Collector Output Card in the Multiprogrammer. A total of

six tests are performed on this circuit and are described on

page 7 of the Fault Isolation TR located in APPENDIX B. The

fifth test in this series measures the time delay of the

circuit while the other five tests measure DC voltages.

The U3_TIMER subroutine begins on line number 13390

and ends on line number 14130 and also follows the standard

frrmat described previously. The P2-36 pin is initially

grounded by the Open Collector Output Card and the OC("0")

statement in line 13570. The program then waits 10 seconds



For the timing capacitors to discharge and then begirs -ne

FOR-NEXT test loop at line 13590. During the *irth test, a

REPEATUNTIL loop is used in lines 13690 through 13730 to

measure the time delay of the circuit with the clock in the

computer. All other measurements are obtained in 1 me 13630

using the Digital Multimeter and FNDVMR function.

Program lines 13820 through 14100 perform the

software equivalent of the fault isolation flowchart shown

in Figure 14 of APPENDIX E. The FOUNDBAD subprogram is

used to print and store any bad parts which are found.

J. U25 Timer Circuit (330110-330210)

The fault isolation routine for this circuit is a

little more involved than that of the U2 or U3 Timer

Circuits due to additional switching circuitry on the output

stage of the 555 timer. This circuit provides a nominal

time delay of I second and is triggered by the output of the

U24 NAND gate. This gate is controlled by the PI-34 input

pin and the output of the Q7-Q8 Transistor Circuit which

will be discussed later. A description of the 11 individual

tests which make up this series can be found on page 8 of

the Fault Isolation TR contained in APPENDIX B.

The software for this fault isolation routine is

called U25_TIMER and includes program lines 14150 through

15290. The format is again standard beginning with the

FINDIT subprogram calls and the DATA statements followed by



the test and measurement loop and the fault isolation logic.

The FORNEXT loop which performs the 11 tests begins on line

14430 and ends on line 14650. After the initial testing

conditions are established in lines 14450 through 14520, the

measurements are obtained using the Digital Multimeter and

the FNDVMR function in line 14610. During the eighth test

however the time delay measurement is obtained using the

Frequency Counter and the FNCNTR function in lines 14530

through 14600.

The fault isolation logic follows the flowchart

developed for this circuit and is shown in Figure 15 of

APPENDIX E. This section includes program lines 14680

through 15260 and uses the IF-THEN-ELSE statements and the

FOUNDBAD subprograms to display, print, and store any bad

parts which are found.

K. P2-11/35 Input Circuit (310210-310230)

The output of the UI Timer Circuit discussed earlier

is wire-ORed with the output of the P2-1i and 35 Input

Circuit. This circuit is very simple and only requires

three tests for the fault isolation routine. These tests

are described on page 6 of the Fault Isolation TR.

The P2_11_35 subroutine begins on line number 15300

with the standard FINDIT subprogram calls and the DATA

statements in lines 15370, 15380, 15500, and 15510. However

in this test series a section of software before the DATA
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statements is required to trigger the U1 Timer Circuit

causing the output of this circuit to become low or almost

zero volts. This section includes program lines 15400

through 15460 and makes it easier to test the P2-11/35

Circuit. The FOR-NEXT loop which includes lines 15530

through 15640 closes the proper matrix relays, applies the

required stimulus, takes the OC voltage readings, and

compares the results to the TR limits. The TOGGLE(-5)

statement in line 15650 turns off the stimulus, power supply

number 5, which was used in the third test.

Program lines 15680 through 15810 perform the fault

isolation routines according to the fault isolation

flowchart in Figure 16 of APPENDIX E.

L. Q7-QB Transistor Circuit (310310-310350)

The Q7-Q8 Transistor Circuit is controlled by the

wire-ORed circuits described above. This circuit is also

very simple and requires five tests which are described on

page 7 of the Fault Isolation TR contained in APPENDIX B.

The subroutine for this test series, called Q7_Q8,

begins on line number 15860 and is similar to that of the

P2-11/35 Circuit discussed above. The section of software

running from line 15990 to 16040 triggers the U) Timer

Circuit causing the output to become low in the same manner

as the P2-11/35 subroutine. The DATA statements and

FOR-NEXT loop, which includes lines 16080 through 16270,
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then follow ano perform tne actual five tests. Program

lines 16300 through 16530 accomplish the equivalent of the

Fault isolation flowchart for thi: circuit which i2 shown in

Figure 17 of APPENDIX E.

M. P2-12 Output Circuit (320210-320250)

The P2-12 Output Circuit is a simple three stage

transistor switching network which controls the CCA pin

P2-12. The circuit is controlled directly by the U3 Timer

Circuit and includes a total of five tests which are

described on page 8 of the Fault Isolation TR. All the

readings are in DC volts, however two of them are converted

to TTL Logic levels by the Digital Read Card in the

Multiprogrammer.

The fault isolation subroutine for this circuit

includes program lines 16580 through 17230. After the

probes have been connected to the specified parts in lines

16670 through 16690, the U3 Timer Circuit is triggered

causing its output to become low or almost zero volts. This

is accomplished in the REPEAT-UNTIL loop beginning on line

16740 by monitoring the output with the Digital Multimeter

with the U3 Timer trigger input P2-36 open. Once this has

occurred, the testing is performed as always during the

FOR-NEXT loop running from line 16830 to 16950. Test

numbers one and four use the Digital Read Card and FNOR$

function in line 16910 to obtain the TTL logic levels while
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the other tests simply use the Digital Multimeter and FNDVMR

Function in line 16880. Program lines 16970 through 17200

perform the fault isolation in accordance with the flowchart

in Figure 18 of APPENDIX E.

N. P2-1 Input Circuit (340110-340150)

The P2-1 Input Circuit is a combination transistor

and optical isolator switching circuit which uses the open

collector logic CCA input pin P2-1 as the controller. The

output of this circuit is wire-ORed with the outputs of the

five comparator circuits discussed at the beginning of this

chapter. The fault isolation routine for this circuit is

comprised of five individual tests and one check, all of

which are described on pages 8 and 9 of the Fault Isolation

TR contained in APPENDIX B.

The portion of software in the Fault Isolation

Program which performs this test series includes lines 17250

through 18000. This subroutine, which is called P2_1,

begins with the required FINDIT subprogram calls and then

sets up the comparator power supply sequence which is

described at the top of page 13 of the Acceptance Test TR.

This stimulus sequence forces the outputs of all five

comparator circuits to be in the low state so that there is

no interference with the P2-1 Input Circuit test. Program

lines 17370 through 17410 perform the necessary actions

needed for this sequence. The OC("I") subprogram call in
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line number 17460 grounds the P2-1 input pin through the

Open Collector Output Card contained in the Multiprogrammer

prior to beginning the FOR-NEXT testing loop.

The test loop, which includes lines 17470 through

17540 is short and simple. The required Measurement Matrix

relay is closed, the measurement taken using the Digital

Multimeter, the results compared to the TR limits using the

FNTEST function, and Measurement Matrix relay is opened back

up. On the third test however, the P2-1 input pin is

released by the OC("9") subprogram call in line 17500. Upon

completion of the five tests, the comparator power sequence

is turned off by the statements in lines 17560 through

17580. The section of software running from line 17590 to

17970 performs the fault isolation with accordance to the

flowchart shown in Figure 19 of APPENDIX E.

0. P2-13 Output Circuit (340210-340280)

This circuit is a transistor switching network

controlled by three sources which are wire-ORed together.

The first input is the CCA pin P2-35, tne second is the

output of the U3 Timer Circuit, and the third input is the

output of the Flip Flop Circuit which will be discussed

later. A total of eight tests make up this fault isolation

series and involve both DC voltage measurements and TTL

logic levels. The comparator power sequence described above

is applied initially here also as well as controlling the
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two open collector logic pins P2-1 and P2-36. The

descriptions of the initial set up conditions and the eight

tests can be found on page 9 of the Fault Isolation TR.

The subroutine for the fault isolation series begins

on line 18020. Lines 18140 through 18180 apply the

comparator power sequence in the identical manner as that in

the P2-1 subroutine. The FUNGEN(O,"15V") call statement in

line 18190 sets up the Function Generator for the 15 volt

source needed in the third test. The two open collector

logic pins mentioned above are configured in lines 18250 and

18260 according to the TR. Also, before testing can start,

the U3 Timer Circuit must have switched to the low state.

This is checked in the REPEAT-UNTIL loop and associated

software logic which includes lines 18300 through 18410.

The testing is then ready to be performed by the

standard FOR-NEXT loop running from line 18440 to 18780. In

this loop, the DC voltage readings are obtained in line

18480 and the TTL logic levels in line 18740. The

additional software inside the loop simply takes care of the

testing conditions required by the TR. The REPEAT-UNTIL

loop beginning on line 18660 waits for the U3 Timer to

expire after it has been retriggered in the seventh test.

After the eight tests have been completed, the comparator

power sequence is turned off and the fault isolation routine

running from line 18830 to 19210 is performed in accordance

with the flowchart shown in Figure 20 of APPENDIX E.
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P. P2-37/38 Output Circuit (340310-340420)

The CCA output pins P2-37 and P2-38 are both

optically isolated TTL logic outputs wired in series. As

long as the control pin P2-14 remains grounded, both inputs

will always be in the same state. When the P2-14 pin is

open the output pin P2-38 is forced to a high state. This

circuit is controlled by the UI Timer Circuit output, U3

Timer Circuit output, and the P2-1 Input Circuit output.

The circuit is therefore difficult to test and requires a

total of twelve individual tests which are described on

pages 9 and 10 of the Fault Isolation TR. The comparator

power sequence described in the previous fault isolation

subroutines is applied here also.

The fault isolation subroutine for the P2-37/38

OLItput Circuit begins on line 19260 by executing five

FIND IT subprogram calls and the comparator power sequence

in lines 19400 through 19440. The DATA statements which

contain all the important test information are next followed

by the FORNEXT test loop which runs from line 19510 to

19870. As one can see in this section, both the Digital

Multimeter (FNDVMR function) and Dig tal Read Cards (FNDR$

function) are used to obtain the DC voltages and TTL logic

levels respectively. The open collector logic pins P2-36

and P2-I are controlled by the OC subprogram in lines 19560,
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19610, and 19720 while the P2-14 pin is controlled by the

"T24" Stimulus Matrix relay in lines 19500 and 19540.

Fol 'owing the FOR-NEXT loop, the comparator power

sequence is turned off by the TOGGLE and STIM subprogram

calls in lines 19880 through 19900. The fault isolation

flowchart shown in Figure 21 of APPENDIX E is then

implemented by program lines 19910 through 20610.

Q. Flip Flop Circuit (340510-340610)

The Flip Flop Circuit is a very interesting circuit

to analyze and fault isolate. There are two inputs, one

output, and an array of components which cause the circuit

to act somewhat like a flip flop. Brute force is used to

isolate the components in this fault isolation series which

is made up of eleven individual tests. Page 10 of the Fault

Isolation TR contained in APPENDIX B describes these eleven

tests.

All eight of the measurement probes are used in the

FLIPFLOP subroutine which begins cn line number 20660 along

with the comparator power sequence. Program lines 20750

through 20930 include the FINDIT subprogram cal!s, the

application of the comparator power sequence, and the DATA

statements.

The FOR-NEXT test loop runs from line 20940 to line

21180 and follows much the same format of previous loops.

However, in line 21080, one of the measurement probes is
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tests have been performed, tne comparator power sequence is

turned off and the fault isolation riowcnart shown in Figure

22 of APPENDIX E is implemented by the software which

includes lines 21240 through 21790.

R. Pulse Train Input Test (90010)

The Pulse Train Input test is a single test which

was added to the Acceptance Program to check the U24 NAND

gate on the CCA which otherwise would not be caught if it

was defective. The test is repeated as a fault isolation

subroutine in order to complete the coverage of CCA

components. The test description is found under 10 CODE

90010 on page 2 of the Fault Isolation TR.

The T90010 subroutine includes lines 10280 through

10460 and is very straight forward with no loops. The gated

p(ilse train which is described in the Acceptance Test TR is

generated using the Pulse Generator (PULGEN subprogram) and

the Pulse/Function Generator (PULFUN subprogram) in lines

10350 and 10360. The signal is then applied to the CCA pin

PI-34 through the Patchbox Circuit logic which is enabled by

the Digital Write Cdrd in the Multiprogrammer and the

DW("100B") subprogram call in line 10370.

The Frequency Counter is used to measure the pulse

width at the input to check for any distortion or

attenuation which might be caused by a defective U24 chip.
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The measurement is returned by the FNCNTR function in I ne

D)420 and then compared to the limits in line 10440 using

the FNTEST Function. If the test fails, the FOUNDBAD

subprogram call in line 10450 instructs the operator to have

U24 replaced.

S. Patchbox Adapter Circuit (TESTXI-TESTX5)

Because the Patchbox Adapter Circuit is not part of

the CCA, actual tests using the standard data arrays and

FNTEST software function cannot be used. The five tests

which make up this fault isolation series are independent of

the CCA tests and are therefore considered only "checks" of

proper operation. Page 2 of the Fault Isolation TR describes

the five "checks" under TESTX1 through TESTX5. The Patchbox

Adapter Circuit itself consists only of one 7408 Quad

2-Input AND Gate which makes the testing quite simple.

The PATCHBX subroutine begins on line number 10470

and ends on line number 10730. There are no loops in this

test series and all tests use the FIT subprogram instead of

the FNTEST function which is used for CCA tests. The Pulse

Generator and Digital Write Card are used to apply the

signals to the circuit and the Frequency Counter and Digital

Multimeter used to obtain the readings. The comparison of

readings to the TP limits is performed by the FIT subprogram

in lines 10580, 10600, 10620, 10660, and 10680. A pass/fail

Boolean code is returned by these subprograms in the XI-X5
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variabies and if any of these are a "I", a failure, then the

7408 AND gate must be replaced.

= = '-- m~dilm l"i i imum mmmmi~i l i I i I i I -II II -
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CONCLUSIONS

The software developed for this thesis project performs

automated testing of the CCA used in this project in accordance with

the Naval Acceptance Test Requirements. This software also performs

automated fault isolation procedures on the CCA whenever failures occur

during the Acceptance Test. A complete circuit analysis must be derived

in order to develop the fault isolation procedures for the various

circuits on the CCA. Faulty or defective components can then be

isolated quickly and easily by the automated test set, TE304.

The TE304 Automated Test Set provides faster and more reliable

testing and fault isolation than previously used test sets. The amount

of operator intervention is reduced to connecting only a few measurement

probes to the components on the CCA and then pressing the CONTINUE key

on the Hewlett Packard 9826 computer. Defective components are then

isolated automatically and the part numbers displayed on the screen,

printed on the printer, and also stored in an array for future use.

This thesis project provides the Naval Ordnance Station in

Louisville, Kentucky with a set of concise and well formatted computer

programs which test and fault isolate the CCA efficiently and reliably.

Complete circuit analysis, the design and construction of interface

circuitry, the development of fault isolation procedures, and the

writing of the software all combine to make this project a success.
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3.0 TEST REQUIREMENTS.

3.1 TEST PARAMETERS. The input/output (/0) test parameters for the unit are
specified in Table I and apply when the assembly is operated in accordance
with the conditions specified herein. The I/O code numbers of Table I
identify related characteristics and specified toleranced 1/0 conditions
applicable to test. I/O codes of the form XYOOO (ending with 3 zeros)
identify related characteristics and conditions applicable to toleranced I/0
codes starting with the same XY. I/O codes not ending with t-ree zeros are
the specific test parameters applicable to test.

3.2 ENVIRONMENTAL CONDITIONS. The tolerances of Table I apply when the item is

tested in standard ambient test conditions as defined in MIL-STD-810.

3.3 COMMON INPUT/OUTPUT TEST CONDITIONS.

a. DC Voltages

(1) +28.0 + 0.1 Vdc PI pins 18, 19, and 43 referenced to P2-17 and 42.

(2) +5.0 + 0.1 Vdc to P2 pins 24 and 48 referenced to P2-49 and 25.

(3) -5.0 + 0.1 Vdc to P2-47 referenced to P2-49 and 25.

(4) +/- 5.0 Vdc Return to P2 pins 49 and 25.

(5) +28.0 VJc Return to PI pins 17 and 42.

(6) Connect 28 Vdc return to +5 Vdc return.

b. Gated TTL Pulse Input. 18.5 msec burst of pulses and 666 msec off time.

(1) Pulse Characteristics

(a) Pulse width 800 nsec

(b) PRT 20 micro sec

(2) Gate Pulse Characteristics

(a) Pulse width 18.5 msec

(b) PRT 684.5 msec

c. Standard TTL Logic

(1) Logic 1; +2.4 to +5.2 Vdc

(2) Logic 0; 0.0 to 40.8 Vdc

$1 ZE CODE IOENT NO. DRAWANG NUMSER

A
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d. Open Collector Logic

(1) Logic It; open (> 10 meg ohm resistance)

(2) Logic Ot; 0 to +0.8 Vdc

e. 28 Volt Logic

(l) Logic 1*; > +25.0 Vdc

(2) Logic 0*; < +2.0 Vdc

f. Special Logic

(1) 14; +1.0 to +10 Vdc (see Specific Use)

(2) 04; 0 to +0.8 Vdc

g. Line Receiver:

The differential input voltage of the line receivers, supplied from a
matched source impedance, is nominally -12 mA times the total load
resistance (ZL). The corresponding logic of the (+) and (-) inputs is:

(C) Logic I; (+) input positive with respect to the (-) input.

(2) Logic 0; (+) input negative u'1th respect to the (-) input.

For test purposes the inputs shall be supplied by a line driver or
equivalent circuit (See Figure 1). Line receiver inputs are PI-38(+) and

PI-13(-), P1-39(+) and P1-15(-), P1-7(+) and P1-31(-), and P1-32(+) and

P1-8(-).

Line Driver:

The differential output voltage of the line drivers, interfaced with a

matched impedance load, is nominally -12 mA times the total load
resistance (ZL). The corresponding logic of the (+) and (-) outputs
is:

(1) Logic 1; (+) output - 0 + 50 mVdc

(-) output - (-12 mA x ZL) + 20%

(2) Logic 0: (+) output - (-12 mA x ZL) + 20Z

(-) output - 0 + 50 mVdc

For test purposes the output lines shall be interfaced with a line
receiver or equivalent circuit (See Figure 2).

Line driver output is P1-35(+) and PI-33(-).

$1 IZE CODE WENT NO. DRAWING NUMBER

A
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i. Loads. The following loads are to be realized using components that meet
or exceed the specification contained herein.

(1) Interconnect a 5.6K ohm +5% 1/4 watt resistor from +28 Vdc +5% to
P1-3.

(2) Interconnect a 1.0K ohm +5% 1/4 watt resistor from 5.0 Vdc +5Z to
P2-9.

(3) Intercornect a 1.0K ohm +5% 1/4 watt resistor from 5.0 Vdc +5% to
P2-12.

(4) Interconnect a 1.0K ohm +5% 1/4 watt resistor from 5.0 Vdc +5% to
P2-13.

(5) Interconnect a 1.0K ohm +5% 1/4 watt resir- Frnm 5.0 Vdc +5% to
P2-15.

(6) Interconnect a 1.GK ohm +5% 1/4 watt resistor from 5.0 Vdc +5% to
P2-37.

(7) Interconnect a 250 ohm +5% 1/4 watt resistor from 5.0 Vdc +5% to
P2-38.

(8) Interconnect a 1.0K ohm +5% 1/4 watt resistor from 5.0 Vdc +5Z to
P2-41.

(9) Interconnect a 5.6K ohm +5Z 1/4 watt resistor from ground m- P1-1.

(10) Interconnect a 5.6K ohm +52 1/4 watt resistor from ground to Pl-26.

(11) Interconnect a 1.0K ohm +5% 1/4 watt resistor from 5 Vdc to P2-10.

(12) Interconnect a 1.0K ohm +5% 1/4 watt resistor from 5 Vdc to P2-44.

J. Terminations: Connect pins PI-17, P1-27, P1-42, P2-14 and P2-17 to
ground.

4.0 ADJUSTMENTS/TAILORING. Tailor R3 for proper timing in I/O code 31010.

SIiZE CODE I ENT NO. DRAWING NUM8ER
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TABLE I INPUT OUTPUT CHARACTERISTICS

1 0 C,, , . I
CCDE CHARACTERISTICS AND INPUT, OUTPUT CONDITIONS ANl5 "4iC'TS TOLE ;-'IES

10000 RESISTANCE MEASUREMENTS

Measure the resistance between the indicated points.

10010 Resistance from TP1-I to PI-17 1.O ohm max

10020 Resistance from TPI-1 to PI-42 1.0 ohm max

10030 Resistance frum TPI-13 to P2-16 1.0 ohm max

10040 Resistance from TPI-14 to PI-3 1,0 ohm max

10050 Resistance from TPI-15 to PI-26 1.0 ohm max

10060 Resistance from TPI-16 to PI-I 1.0 ohm max

10070 Resistance from TP2-1 to P2-25 1.0 ohm max

10080 Resistance from TP2-1 to P2-49 1.0 ohm max

10090 Resistance from TP2-11 to P2-33 1.0 ohm max

10100 Resistance from TP2-12 to P2-8 1.0 ohm max

10110 Resistance from TP2-13 to P2-32 1.0 ohm max

10120 Resistance from TP2-14 to P2-7 1.0 ohm max

10130 Resistance from TP2-15 to P2-1 1.0 ohm max

10140 Resistance from TP2-16 to P2-2 1.0 ohm max

10150 Resistance from P2-11 to P2-19 12 Johm 13

11

10160 Resistance from PI-10 to P-11 12 Kohm 13
11

11000 CURRENT DEMAND

Apply electrical power, as called out in paragraph

3.3.a. Measure indicated current demand.

11010 +28.0 VDC CURRENT DEMAND 230 mA max

11020 +5.0 VDC CURRENT DEMAND 450 mA max

11030 -5.0 VDC CURRENT DEMAND 60 mA max

SIZE CODE IOENT. NO. DRAWING NUMBER

A
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TABLE I INPUT OUTPUT CHARACTERISTICS

1 0 NOMINAL
CODE CHARACTERISTICS AND INPUT OUTPUT CONDITIONS AND UNIT5 TOLERANCES

20000 TIM REFERENCE VOLTAGE.

Measure TREF Voltage at P2-27.

20010 TREF VOLTAGE (P2-27) +5.10 +6.63

Vdc +3.57

21000 OA DC GAIN, AC GAIN AND THRESHOLD TEST.

DC Gain: Apply the specified DC stimulus to the
indicated (+) and (-) inputs. Measure the

corres onding output.

AC Gain: Apply an AC stimulus at the indicated
frequenry and amplitude to the specified pins.
Measure the corresponding output gain.

DC THRESHOLD: Apply a DC stimulus at the indicated
initial voltage and increment in 10 mVdc steps until
corresponding output changes to the specified logic
level and record the input voltage.

21010 VBMT DC GAIN +0.10 +0.11

v/v +0.09

Input: P2-3(+) - +12.5 +0.5 Vdc
ref P2-2(-)

Output: P2-26

ref P2-27

21020 VBMT AC RIPPLE GAIN 0.0723 0.0871
Vrms/Vrum 0.0575

Input: P2-2(-), 1.00 +0.5 Hz, 4.0 +0.5 Vp-p

ref P2-3(+)

Output: P2-26
ref P2-27

21030 VBNT AC RIPPLE GAIN 0.0100 0.0120

Vrns/Vr.s 3.0080

Input: P2-2(-), 10.00 +0.05 Hz, 10.0 +0.5 Vp-p

ref P2-3(+)

Output: P2-26
ref P2-27

SIZE CODE IDENT. NO. DRAWING NUMBER
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TABLE I INPUT OUTPUT CHARACTERISTICS

1 NOMINAL

CCOE CHARACTERISTICS AND INPUT OUTPUT CONDITIONS -^0 iiTS TOLERANCES

21040 VBMT AC RIPPLE GAIN 0.0723 0.0871
Vrms/Vrm, 0.0575

Input: P2-3(+), 1.00 +0.05 Hz, 4.0 +0.5 Vp-p
ref P2-2(-)

Output: P2-26
ref P2-27

21050 VBMi THRESHOLD INPUT VOLTAGE -7.00 -5.50
Vdc -9.00

Input: P2-2(-' Initial Voltage - -5.0 +0.5 Vdc
ref P2-3(+)

Output: Pl-48 - Logic 1

21200 IFKT DC GAIN +2.00 +2.40
v/v +1.60

Input: P2-29(+) - 1.5 + 0.5 Vdc
ref P2-28(-)
P2-6 - Open

Output: P2-4, ref P2-27

21210 IFKT AC RIPPLE GAIN 0.26 '.325
Vms/Vrs 0.211

Input: P2-28(-) - 1.00 +0.05 Hz, 4.0 +0.5 Vp-p,
ref P2-29(+)
P2-6 - Open

Output: P2-4, ref P2-27

21220 TFKT AC RIPPLE CAIN 0.0250 0.0300
Vrms/Vmm 0.0200

Input: P2-28(-) - 10.00 +0.05 Hz, 10.0 +0.5 Vp-p,
ref P2-29(+)
F2-6 - Open

Output: P2-4, ref P2-27

21230 IFKT AC RIPPLE GAIN 0.266 0.320Vau./Vrm 0.211

Input: P2-29(+) - 1.00 +0.05 Hz, 4.0 +0.5 Vp-p,
ref P2-28(-)
P2-6 - Open

Output. P2-4, ref P2-27

SIZE CODE IDENT. NO. DRAWING NUMBER
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2124C IFKL THk-CSHOLD INPUT V(LTAGE +0.79 +0.99
Vdc +0.59

Input: P2--'9(+) InitiaL Voltage ).0 +0.5 Vd:,

ref P2-28(-)
P2-6 Open

Output: P1-47 = Logic

21250 IFKH THFESNOLD INPUT VOLTAGE +4.20 +7.00

Vdc +3.-'0

Input: P2-29(+) Initial Voltage 3.0 +0.5 V,4c,
ref P2-28(-)
P2-6 = Open

Output: P1-22 Logic 0

21260 IFKL TTL OUTPUT Logic 0

Input: P2-29(+) - 0.0 +0.5 Vdc, ref P2-28(-)
P2-6 = Open

Output: pI-47

21270 TFKL TTL OUTPUT -,ogic I

Input: P2-29(+) - 0.0 +0.5 Vdc, ref P2-28(-)
P2-6 = +28 Vdc

Output: pl-47

21400 IFMT DC GAIN +1.78 +2.18
v/v +1.38

Input: P2-5(+) - 1.5 Vdc, ref P2-10(-)

Output: P2-31, ref P2-27

21410 IFMT AC RIPPLE GAIN 0.266 0.320
Vrms/Vrms 0.211

Input: P2-30(-) - 1.00 +0.05 Hz, 4.0 +0.5 Vp-p,
ref P2-5(+)

Output: P2-31, ref P2-27

21420 IFMT AC RIPPLE GAIN 0.025 0.030
Vms/VmS 0.020

Input: P2-30(-) = 10.00 +0.05 hz, 10.0 +0.5 Vp-p,
ref P2-5(+)

Output: P2-31, ref P2-27

SIZE -.OE iDE-4T. NO. DRAAnNG NUIABE
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TABLE I INPUT OUTPUT CHARACTERISTICS NOMINAL

SNO MI NAL|1

ccD CHARACTERISTICS AND INPUT OUTPUT CONDITIONS AND ITS TOLERANC-;.

21430 IFNT AC RIPPLE GAIN 0.266 0.320

Vrms/Vrms 0.211

Input: P2-5(+) - 1.00 +0.05 Hz, 4.0 +0.5 Vp-p,
ref P?-30(-)

Output: P2-31, ref P2-27

21440 IFML THRESHOLD INPUT VOLTAGE -1.00 -0.80
Vdc -1.20

Input: P2-30(-) - Initial Voltage - 0.0 +0.5 Vdc,
ref P2-5(+)

Output: Pl-45 - Logic 1

21450 IFMH THRESHOLD INPUT VOLTAGE -2.55 -1.40
Vdc -3.70

Input: P2-30(-) - Initial Voltage - -1.0 +0.5 Vdc,
ref P2-5(+)

Output: Pl-46 - Logic 0

30000 FULL POWER, CDC(-) AND FPD LOGIC TEST

Apply +5.0 Vdc and +28 Vdc supplies as called out in
paragraph 3.3.a. Verify the outputs as indicated in
table.

Test Input Outputs

P2-39 P2-41 P2-15

I Ot 0 0

2 it 0 1

Remove +5 Vdc

3 it 1 1

30010 FULL POWER, CDC(-) AND FPD LOGIC Qual

SIZE CODE IDENT. NO. DRAWING NUMBER
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TABLE I INPUT OUTPUT CHARACTERISTICS

NOMINAL

CcD CHARACTERISTICS AND INPUT OUTPUT CONDITIONS AND UNITS TOLERANCES

31000 5 MINUTE TIMER AND 250 MSEC TIMER

Turn on the +5 Vdc, turn off +28 Vdc supply and ground
P2-36. Wait approximately I minute.
Apply +28 Vdc stimulus to P2-1.
Apply 9.0 + 0.1 Vdc to P2-3 and Return to P2-2.
Apply 2.0 + 0.1 Vdc to P2-29 and Return to P2-28.
Apply 1.3 + 0.1 Vdc to P2-5 and Return to P2-30.
Apply Logic It to P2-36.
Apply TTL Logic 0 to P2-35 and P2-11.
Apply +28 Vdc supfxly.
Measure elapsed time from +28.0 Vdc turn on until
P2-10 voltage switches to a Logic 0. Tailor R3 if
required for specified timing. Measure elapsed time
from P2-10 Logic 0 switch until P2-9 voltaae qwitchaa
to a Logic 0.

315 sec 330
3101C P2-10 SWITCH TIME 300-

31020 P2-9 SWITCH TIME 200 mec 250
150

32000 20 SECOND TIMER

Apply the same input signals as in IiJ code 31000.
Turn off +28 Vdc supply for approximately 10 seconds.
Measure elapased time from +28 Vdc power
reapplication for P2-12 to switch to a Logic 1.

32010 P2-12 SWITCH TIME 15 sec 30
10

33000 1.5 SECOND TIMER

Apply the same input signals as in I/O code 31000.
Apply Logic I to PI-34 and wait 5 seconds. Apply
Logic 0 to PI-34 and measure time required for P2-44
to switch to Logic 0. Apply a gated pulse train as
called out in paragraph 3.3.b to PI-34. Wait 5
seconds, apply Logic 0 to P1-34. Verify that P2-44
switches to a logic I before 2 seconds have elapsed.

33010 P2-44 SWITCH TIME 1.0 sec 1.25
0.75

33020 P2-44 LOGIC OUTPUT Logic I

SIZE CODE IDENT. NO. DRAWING NUMBER
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TABLE I INPUT OUTPUT CHARACTERISTiCS

1 0 NOMINAL
CCDE CHARACTERISTICS AND INPUT OUTPUT CONDITIONS AND U eITS TOLERANCES

34000 POWJER ON SEQUENCE LOGIC TEST

Apply a gated pulse train as called out in paragraph
3.3.b to P1-34. Apply the same logic inputs as in
I/O code 31000. Apply the indicated logic input
signals and measure the specified logic output
signals.

Inputs Outputs

T
E - ' 0~ a I C" a C- I i 0 T I n r . , 00 -tE4 I I e * I (" I r,

I n1 0 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 0 374768

2 ru I 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 374778

3 ru 0 0 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 0 374768

4 rul 0 1 0 1 1 1 1 1 1 0 0 1 1 1 1 0 374768

5 n. 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 003008

6 fj I 1 1 0 1 1 1 1 0 0 1 1 1 1 0 0 0 1 363618

7 nJ 0 1 1 1 1 1 1 I 1 1 1 1 1 1 0 0 0 0 377608

8 nUo 0 1 0 0 0 0 0 1 1 1 1 0 0 1O i 0 017168

9 0 0 1V 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 000028

10 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 00 000008

SIZE CODE IOENT. NO. DRAWING NUMSER

A
SCA.LE: NONE - RE LTR SHEET 14
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COMPARATOR POWER SEQUENCE:

1. Apply 9.0 volts to P2-3 ano return to P2-2.
2. Apply 2.0 volts to P2-29 and return to P2-28.
3. Apply 1.3 volts to P2-5 and return to P2-30.

GATED TTL PULSE TRAIN INPUT:

1. Pulse Characteristics
a. Pulse width 800 nsec.
b. Pulse period 20 usec.

2. Gate Pulse Characteristics
a. Pulse width 18.5 msec.
b. Pelse period 684.5 msec

10 NOMINAL
CODE TEST DESCRIPTION 1& UNITS !LIMITS

CURRENT DEMAND TEST

11010 Measure +28 vdc supply current demand. 230 mA max
11020 'Measure +5 vdc supply current demand. 450 mA max
11030 Measure -5 vdc supply current demand. 60 mA max

PATCHBOX TEST

:Apply Logic I to adapter pin A33 (DW#2).:
:Apply pulse train to adapter B34 with a
:10 msec period and a I msec pulse width.:

TESTXI:Measure pulse width at Adapter 832. 1 msec 0.5
1.5

TESTX2:Apply Logic 0 to adapter A33 and measure: 0 0
:pulse width at adapter 532. 0

TESTX3:Measure TTL level of adapter A33. :LOGIC 0 0.8 vdc
0 vdc

TESTX4!Apply Logic 0 to adapter pin A22 (DW#0).:LOGIC 0 0.8 vdc
:Measure adapter A20. 0 vdc

TESTX5:Apply Logic I to adapter pin A22 and LOGIC 1 5.2 vdc

:measure adapter A20. 2.4 vdc

TEST 90010 (U24 PULSE INPUT)

90010 :Apply Gated Pulse Train to PI-34 and 20 usec 22
:measure pulse width with trigger level 18
set at 2.4 volts.

, I.---m • mmmI m ~ miI i
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ICO N MNAL
COOE TEST DESCRIPTION & UNITS LIMITS

VOLTAGE REGULATOR TEST

200110Measure R147. 25.8 vdc _7.58
24.51

20020Apply 25 vdc to R142, measure R147. 25.1 vdc: 26.355
' 23.845

200130Apply 13.6 vdc to R154, measure P2-27. 5.10 vdc 5.355
4.845

200140IMeasure R153. 10.106 v: 10.611
9.601

200150;Measure R151. 6.612 v 6.943
6.281

200160Measure RISO. :5.712 v 6.007
5.435

200I70Remove above stimulus, measure R154. 13.6 vdc 14.28
12.92

21000 VBMT SERIES TESTS

210010:Apply 20vdc to P2-3, ground P2-2. :7.10 vdc: 7.81
IMeasure U21 pin 10. 6.39

210020Measure U21 pin 6. :6.45 vdc: 7.10
: 5.81

210030:Measure U21 pin 6, ref. U21 pin 7. : 0 vdc 0.01

;-0.01
210040!Measure voltage across R130. : 0 vdc 0.05

I -0.05
210050Apply -20 vdc to P2-2. 9.10 vdc 10.01

!Measure U21 pin 10. 8.19
210060:Remove dc stimulus and apply IOHz 5vpp ;.01060 .01166

to P2-2, ref. P2-3. Measure AC gain vrms/ :.00954
:at U21 pin 10. vrms

Test 8:Calculate (10 codes 210010/210020). 1.10 1.21
0.99

210510;Apply voltage to U21 pin I equal to 24.8 vdc 27.0

:pin 2 - 0.5 vdc. Measure pin 12. : 22.0
210520:Measure U21 pin 2=pin 12/221 +5.7538 1 Qual +10 .

210530Measure PI-48. !Logic 0 0.8 vdc

i1 0 vdc
210540:Measure Q39 pin 7. :2.18 vdc 2.40

I : 1.96
210550 Apply voltage at U21 pinl equal to :2.14 vdc 2.35

:pin2 + 0.5 vdc. Measure pin 12. 1 1.93
210560:Measure PI-48. Logic 1 :5.2 vdc

:2.4 vdc

210570:Remove stimulus and measure voltage : 0 vdc 1 0.05

across R135. :-0.05
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10 'NOMINAL

CODE TEST DESCRIPTION I& UNITS 'LIMITS

21200 IFKT SERIES TESTS

212010:Apply 3vdc to P2-29, ground P2-28. 9.10 vdc 10.01
Measure U20 pin 10. 8.19

212020Measure U20 pin 6. 3.03 vdc: 3.34
: 2.73

2i2O3OMeasure U20 pin 6, ref U20 pin 7. 0 vdc 0.01
-0.01

212040Measure voltage across R119. 0 vdc 0.05
-0.05

212050:Apply -2 vdc to P2-28. 13.1 vdcH14.41
Measure U20 pin 10. I11.79

212060Remove dc stimulus and apply 10Hz 5vpp .027 .0297
to P2-28, ref. P2-29. Measure AC gain vrms/ .0243
at U20 pin 10. vrms

Test 8 Calculate (10 codes 212010/212020). 3.00 3.30
2.70

212410:Apply voltage to U20 pint equal to 24.8 27.0
:U20 pin 2 - 0.5 vdc. Measure pin 12. vdc 22.0

212420 Check voltage at pln2 equal to Qual +10%
(pinl2/221 + 5.7538). -10%

212430Measure Pl-47. LOGIC 0 10.8 vdc
0.u vdc

212440uMeasure Q38 pin 7. :2.18 vdc; 2.40
I 1.96

212450 Apply voltage to U20 pint equal to 12.14 vdc' 2.35
pin 2 + 0.5 vdc. Measure pin 12. 1.93

212460 Measure PI-47. LOGIC 1 5.2 vdc
2.4 vdc

212470;Remove stimulus and measure voltage 0 vdc 0.05
drop across R125. -0.05

Test 8:Ground P2-6, check U20 pint equal to Qual +10%
1[(120'pinlO + 924)/153). -10%

12510 Measure voltage at U22 pin 1. 18 vdc 19
17

TestlA Measure voltage at VRl7. 18 vdc 19
17

212520 Apply voltage to U22 pin2 equal to 24.8 vdc 27
:pin I + 0.5 vdc. Measure pin 12. 22

212530! Measure PI-22. LOGIC 0 0.8 vdc
0.0 vdc

212540!Measure Q37 pin 7. 2.18 vdc 2.40
1.96

212550:Apply voltage at U22 pin2 equal to 2.14 vdc 2.35
pin I - 0.5. Measure pin 12. 1.93

2l2560;Measure P1-22. LOGIC 1:5.2 vdc
2.4 vdc

212570:Remove above stimulus and check Qual +110%
:U22 pin2=(pin12+o80'U20 pinlO)/181. -I0%
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Iu N)MINAL
ODE TEST DESCRIPTION I& UNITS LIMITS

21400 IFMT SERIES TESTS

214010:Apply 2.5vdc to P2-5, ground P2-30. 9.55 vdc:IU.50
Measure U22 pin I0. 6.59

214020:Measure U22 pin 6. 3.44 vdc 3.78
: 3.u9

214030:Measure U22 pin 6, ref U22 pin 7. Ovdc 0.01
-U.01

214040:Measure voltage across R104. 0 vdc U.U5

L14050'Apply -2 vdc to P2-30. :13.1 vdc 14.42
:Measure U22 pin 10. ;11.8u

214060:Remove dc stimulus and apply 10Hz 5vpp .u27  .0297
to P2-30, rer. P2-5. Measure AC gain vrms/ .0243
:at U22 pin 10. vrms

Test 6:Lalculate (10 codes 214010/L14020). 2.78 3.05d
:2.502

214410:Apply voltage to U23 pini equal to 24.8 27.U
;U23 pin 2 - 0.5 vdc. Measure pin 12. vdc Z2.0

2l4420uCheck voltage at pin2 equal to Qual +10%
:tpin12/221 + 6.6398). -10%

214430:Measure P1-45. LOGIC 0 0.8 vdc
0.0 vdc

214440:Measure Q36 pin 7. 2.18 vdc: 2.40
: 1.96

214450 Apply voltage to U23 pinl equal to 2.14 vdc 2.35
:pin 2 + 0.5 vdc. Measure pin 12. : 1.93

214460: Measure P1-45. :LOGIC 1 :5.2 vdc
2.4 vdc

214470:Remove stimulus and measure voltage 0 vdc 0.05
drop across R109. 1-0.05

214510:Measure voltage at U23 pin 7. 10.2 vdc 10.7
9.70

21452U0Apply voltage to U23 pin6 equal to 24.8 vdc 27
:pin 7 + 0.5 vdc. Measure pin 10. : 22

214530:Measure PI-46. :LOGIC 0 :0.8 vdc
:0.0 vdc

z14540:Measure Q35 pin 7. 2.18 vdc 2.40
1.96

214550:Apply voltage at U23 pin6 equal to :2.14 vdc 2.35
pin 7 - 0.5. Measure pin 10. ; 1.93

214560Measure P1-46. LOGIC 1 5.2 vdc
:2.4 vdc

214570:Remove above stimulus and check Qual +10%
;Ue3 pin6=tpinl0+200*U22 piniO)/201. -10%
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1u UNOMINAL

CODE TEST DESCRIPTION I& UNITS LIMITS

CDC AND FPD LOGIC TEST

300110Measure Q26 pin 5. I.ZI vdc! 1.39
I 1.13

30u140:Measure Q26 pin 3. 0.8 vdc 0.90
i 0.70

300130Measure P2-41. LOGIC 0 :0.8 vdc
0 vdc

300140:Remove 5 volt supply, measure P2-41. LOGIC 1 15.2 vdc
:2.4 vdc

300150Ground P2-39, measure Q23 pin 5. 1.26 vdc! 1.39
: 1.13

3001O Measure Q23 pin 3. 0.8 vdc 0.90
i 0.70

300I7O Measure P2-15. LOGIC 0 0.8 vdc
i0 vdc

300180Open P2-39, measure P2-15. LOGIC 1 5.2 vdc
2.4 vdc

UI TIMER TEST

310110:Open P2_36 and measure Q5 pin I to 3. 0 vdc 0.05
I 10

310120;Ground P2-36 and short R4 for I second. 10.7 vdc 0.8
Measure C3+. 0

310130:Measure R18. :0.37 vdc 0.5
10

jlUI4U:Measure CR8-. 110.5 vdc: 12.1
: 9.9

310150Open P2-36 and measure the time for the :315 sec 33U
:output at RI7 to fall near zero. 300

310160;Measure C3+. :10.5 vdc: 11.5
9.41

310170:Measure R18. 14 vdc 16
10

INPUTS P2-11,35 TEST

310210;Ground P2-I1 and P2-35 and measure CR8-. 2.31 vdc 2.54
i 0

3102201Open P2-11 and measure CR8-. :10.5 vdc 11.55
I 9.45

310230IGround P2-11 and apply 15 vdc to P2-35. :10.5 vdc 11.55
Measure CR8-. 9.45

I
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10 :NOMINAL

CODEL TEST DESCRIPTION & UNITS !LIMITS

TRANSISTORS Q7/Q8 AND OUTPUT P2-10 TEST'

Open P2-1i and P2-36 and apply 12 volts

1to C3+ for about 0.5 seconds.
310310 1Measure R26/R25 junction. 10 vdc II

310320:Obtain a high level at Label I and LOGIC 1 5.2 vdc

:measure P2-10. :2.4 vdc

310330Measure R28. :0 vdc 0.5
I 0

310340Ground P2-1 and measure P2-10. LOGIC 0 10.8 vdc
0 vdc

310350:Measure R28. 25.4 vdc 27.94
22.86

U2 TIMER TEST
I

310410Open P2-1I and P2-36 and measure R14 7.5 vdc 8.25

1at U2. 6.75
310420OObtain a high input level at Label 1, .01 vdc 0.05

:wait 5 seconds and measure C5+. 0

310430Measure R12 at U2. :0.7 vdc 0.85
I I 0.55

310440 Measure P2-9. LOGIC 1 15.2 vdc
12.4 vdc

310450:Measure R9. 0 vdc 0.25
0

310460:Ground P2-11 and apply 12 volts to C3+ :166 msec 250
for about 0.5 seconds. Measure the time: 150

;for P2-9 to switch to Logic 0.
310470IMeasure RIO at U2. 0 vdc 1 0.1

0
310480IMeasure R12 at U2. 15 vdc 15.5

:12.0

U3 TIMER TEST

320110IMeasure R45 at U3. 7.5 vdc : 8.25
6.75

320120 Ground P2-36,wait 10 seconds, and 0.7 vdc 0.77
Imeasure C9+. 0.30

320130:Measure C7+. :0.7 vdc 0.77

0.30
320140Measure R48 at U3. :12.7 vdc 15

I I I

320150tOpen P2-36 and measure time for U3 15 sec : 30
:output at R48 to go low. 10

320160IMeasure C7+. )10 vdc 15
I 10
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10 
NOMINAL 1

CODE TEST DESCRIPTION & UNITS 'LIMITS

P2-12 OUTPUT TEST

32021010pen P2-36, wait for U3 timer to expire, LOGIC i I
and measure P2-12. I

320220IMeasure R49 at Q19. 5.3 vdc 5.83
4.77

320230IMeasure R24 at Q20. 0 vdc 0.1
0

320240 Ground P2-36 and measure P2-12. LOGIC 0 0
0

320250Measure R49 at Q19. 0 vdc 0.1
0

1U25 TIMER TEST

Ground P2-11 and P2-35. Open P2-36 and
:apply 12 volts to C3+ for about 0.5
:seconds.

3301101Apply a Logic I to PI-34 and measure U24 LOGIC 0 :0.8 vdc
:pin 6. 0 vdc

3301201Apply Logic 0 to PI-34 and measure LOGIC 1 5.2 vdc
U24 pin 6. :2.4 vdc

3301301Apply Logic I to PI-34, open P2-1I, LOGIC 1 :5.2 vdc
and measure U24 pin 6. :2.4 vdc

330140 Measure R175 at U25. 12.5 vdc 2.75
i 2.25

330150:Ground P2-11, wait 5 seconds and measure:0.7 vdc 0.77
C28+. 11 0.60

330160aMeasure P2-44. ILOGIC 0 0.8 vdc
I 0 vdc

330170:Measure R174 at Q45. :1.37 vdcl 1.57
: 1.29

330180 Apply Logic 0 to PI-34 and measure the I sec 1.25

time for P2-44 to switch to Logic 1. 0.75
330190!Measure R177 at U25. 0 vdc 0.25

0
330200:Measure C28+ at U25. 1>3.3 vdc 5.0

: 3.3
330210 Measure R174 at Q45. :5 vdc 5.0

4.8

P2-1 INPUT CIRCUIT

Apply the comparator power sequence.

340110Ground P2-I and measure R98 at Q34. 0 vdc 0.25
0

340120 Measure R143 at Q40. 13.2 vdc 3.45
2.83
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10 :NOMINAL
CODE TEST DESCRIPTION I& UNITS 'LIMITS

TEST2A:Check if 10 code 340120 is below
:or above the tolerances.

340130:Open P2-1 and measure R98 at Q34. 15.8 vdc 6.40
5.20

340140:Measure R143 at Q40. 0 vdc 0.25
0

340150 Measure CR24 anode. :1.15 vdc 1.25
1.00

P2-13 OUTPUT TEST

Apply the comparator power sequence.
Open P2-1 and ground P2-36 and then openI
P2-36 and wait for U3 timer to expire.

340210OMeasure R38 R39 junction. 10 vdc II
9

340220OGround P2-35, open P2-36, and measure LOGIC 0 0
:P2-13. 0

340230 Apply 15 volts to P2-35 and measure LOGIC I 1
P2-13. 1

340240:Measure R63 at Q16. 0 vdc 0.25
: 0

340250OGround P2-35 and P2-36 and measure P2-I3:LOGIC I I

340260 Measure R63 at Q16. 0 vdc 0.25
10

340270Open P2-36, ground P2-1, and measure LOGIC I I
P2-13. I

340280:Measure R63 at Q16. 0 vdc 0.25
I0

P2-37 AND P2-38 OUTPUT CIRCUIT TEST

Apply the comparator power sequence.
340310Ground CR25- and P2-14 and measure P2-38:LOGIC 0 0

i 0

340320Measure P2-37. LOGIC 0 0
i 0

340330:Open P2-IA and measure P2-38 LOGIC I I
I

340340Measure voltage from R30/R31 junction to 8.9 vdc 9.80
Q12 pin 7. 8.00

340350:Ground P2-36, disconnect CR25 ground, II vdc :11.77
and measure CR25 cathode. 9.63

340360 Measure P2-38. LOGIC I I

340370:Measure P2-37. LOGIC I I
I I
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O :NOMINAL
CODE TEST DESCRIPTION l& UNITS LIMITS

340380Measure voltage from R30/R31 junction tol 0 vdc 0.1
IQ12 pin 7. l 0

340390Ground P2-36 and open P2-I. Measure l 0 vdc 0.1
R40 at Q18. 0

340400 Measure CR25 cathode. :11 vdc 11.77
9.63

340410Open P2-36, wait for UI timer to expire,1II.8 vdc 12.78
and measure CR25 cathode. l 110.46

340420Open P2-1 and measure CR25 cathode. 11.2 vdc 3.75
0

FLIP FLOP CIRCUIT TEST

3405IOApply the conarator power sequence, 0 vdc 0.1
ground P2-36, open P2-1, and measure R411 0

340520Measure R50 at CRIB. :23.5 vdc125.85
:21.15

34053010pen P2-36, ground P2-1, wait for U! :20 vdc 22
:timer to expire and measure R41. 1 18

340540:Apply 28 volts to R50 at CR18 and R58 at!0.7 vdc 0.77
lCR17. Measure Q21 Vbe. 0.63

340550:Measure Q22 Vbe. 10.7 vdc 1 0.77
l 0.63

340560lMeasure Q21 Vce l0.1 vdc 0.2
0

340570Measure Q22 Vce 10.1 vdc 0.2
0

340580:Ground Q21 and Q22 bases and R37 at CR14l14.8 vdc 16.30
:Measure R36 at CR17. 113.34

340590:Measure R35 at CRIB. l 28 vdc l30.80
l 125.20

340600lRemove 28 volt stimulus and ground R50 10.7 vdc 0.77
land R58. Measure R36 at CR17. 0.63

340610lMeasure R35 at CRI8. 10.7 vdc 0.77
l 0.63

I
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'Z4
TABLE vi

,-ATHBOX JUMPER WIRES

PATCHBOA PATCHBOA

E UOORDINATE COORDINATE DESTINAIUN

AA13 ----------------- AIO 3A 5
- - KI-26 ADAPTER

PI-3 AA15 --------- t --------- A13 Sx 8
L---------K1B27 ADAPTER

PL-10 AA22 -------------------- A14 Sx 9
P1-li BB13 A--O-------------------Al 1
PI-17 8819 --------- ---------- 17 SX 29

- AA7 GROUND
p1-18 BB20 -f- AAIO PSI +
P1-19 821 - 4 - K1-AI5 ADAPTER
P1-43 DD20 -- TI3 MX 31

- - D RELAf#4

GROUND JJ7 -------------------- AAI I PSI -
P1-22 CC14 -------------------- A16 SX 11
PI-26 CC18 ------------------ A17 SX 12

L KI-825 ADAPTER
PI-27 AA24 -------------------- BB7 GROUND
Pi-34 AA28 -------------------- AIS SX 13
F1-42 DDI9 --------- t-------16 SX 28

L------- A2 RELAY#I
RELAY#1 Al C-------------------0C7 GROUND
Pi-45 DD22------------------- A19 SX 14
P1-46 EEl3 ------------------- A20 SX 15
PI-47 EE14 ------------------- A21 SX 16
PI-48 EE15 ------------------- A22 SX 17
FPI-I LL17 ------------------- B6 SX 18
TPI-13 MM19 -------------------- 87 SX 19
TPI-14 MM20 .------------------- 8 SX 20
TPI-15 MM21 -------------------- B9 SX 21
TPI-16 MM22 ------------------- B10 SX 22
P2-I LL16 --------- t --------- B19 SX 31

L J5 OC#3
P2-2 GG26 ------------------- A6 SX 1
P2-3 G628 ------------------- A7 SX 2
P2-4 GGI3 ------------------- 8IB SX 30
P2-5 GG14 ------------------- All SX b

P2-6 GGI5 O-------------------D2 RELA #4
P2-7 GGI6 --------------------- 617 SX 25
P2-8 GG17 ------------------- B14 SX 26
P2-9 GG30 --------- - C19 SX 48

L M3 DR#12
P2-10 GG18 --------- --------- C20 SX 49

L P3 DR#10
P2 Il GG19 --------- t --------- B15 SX 27

-- - - - F2 RELA #6

ADAPTER KI-A20 ----------------- FI RELAY#6
DW#0 Z4 --------------------- KI-A22 ADAPTER
PZ-12 GG20 -------------------- T3 DR#6
P2-13 GG21 ------------------- R3 DR#8
P2-14 GG22 --------------------- 812 SX 24



PATCHBOA PATCHBOA

COORDINATE COORD INATE DEDT INAT IuN

HH1 ~--------------------- K DR#14

HH1----------------------- B2RELAY3L

17HH 1 ---------- D 7 GROUND
19HH 17 -------- 6 2 82 33

F-L25J3 ----- ------ C1 $X 50
----- H2 RELAY#8

GROUN2----------------------62 SX 34LY
P2-26 GG32---------------------B2 X3
P2-27uJ1--------------------- C X3

P2-29 JJ16---------------------A8S 3

P27-30 JJ17--------------------- A2S
P13 J8---------------------01IO SX 39
PZ-32, ~JJ19--------------------- ISX4
P21-33 GG34-- - - - - - - - - C1 X 4

P-5JJ21---------------------0D6 SX 52
P-6JJ22--------------------- MS O0#O
P-7KK13--------------------- X3 DR#2
P-8KKI4- ------------ Z3 DR#0

t---------------K 1-B28 ADAPTEtP
P2-39 KKLS--------------------- L5 OC#1
P2-41 KK16--------------------- J3 DR#15
P2-44 KK19----------- --------- V3 DR#4
MX 33 T15 ---- 1  T ---------- 022 SX 51
P2-47 KK22 --- ----------- CCli PS3 -

GROUND FF7---------------------- CO P53 +

P2-48 LL13 ----- ---- 6610 PS2 +

P2-24 HH22 ------ ----- 015 SX A
RELAY#3 ci - ----- I ---- T14 MX 32
RELAY#3 02 --- ---------------- K 1-Al 3 ADAPTER
GROUND GG7---------------------- BBI I PS2 -

P2-49 LL14 -------- If---------0C9 SX 73
----- B2 RELAY#2

GROUND HH7 ----------------- B I RELAY#2
TP2- I EE 18---------------------0C14 SX 43
TP2-5 EE22--------------------- W3 DR#3
TP2-6 FF13 3--------------------5S3 DR#7
TP2-7 FF 14---------------------0C13 SX 42
TP2-8 FF 15 -------------------- U3 DR#5
TP2-9 FF 16--------------------- Q3 DR#9
TP2- 10 FF17--------------------- N3 DR# 11
TP2- 11 FF 18--------------------- C 15 SX 44
VP2-12 FF19---------------------0C16 SX 45
TP2- 13 FF20---------------------0C17 SX 46
TP2-14 FF21---------------------0C18 SX 47
TP2- 15 FF22--------------------- C7 SX 36
TP2- 16 0014--------------------- CS SX 37
SA B 016---------------------- JJIO DVS +

SX C 017----------------------0010O P54 +

Sx 0 018----------------------0011I PS4-



176

PATUHBOX PA VCHBOA
,CORDINATE LOORDINATE DEbT1NAT1IN

- E 019-- ------------------ EEIu P5 +
,, F 20 -F6 DECADE COM

, D21 FFIO PS6 +
-,, H 022 -------------------- J6 DECADE IMEG

I AAI2 --------- ------ E26 FUNGEN
J BB12 ---------

SA K CCI2 ------------------- G32 SCOPE CHI
SX L 0012 ------------------- JJlI DVS -
SA M EE12---- -- - -------- WII DVM HI
MX A W12 -----------
SA N FF12 - Xli DVM LOW
MA B X12 ----------
3A 0 GG12 -- Yll DVM S+
MX C Y12---------- I

SA P HHI2 --------- ------- Z1 DVM 5-
RELAf#5 E2------------
RELAY#5 El --------------------- Z12 MX 0
SX Q JJI2---- ---------E24 COUNTER A
GROUND HH9 ----------
SA R KK12 -------------------G24 COUNTER B
SA S LL12 --------------------KI-B32 ADAPTER
SA T MM12 ------------------- AA8 GROUND
ADAPTER K[-A17 ----------------- CC8 GROUND
PULSE J30 --------------------KI-B34 ADAPTER
PUL/FUN J28 --------------------C30 PULSE EXT IN
tA 23 Bi --------------------KI-B35 ADAPTER
DW#I Y4 K---------------------K-A24 ADAPTER
DW#2 X4 ---------------------K1-A33 ADAPTER
JUMPER MMI -------------------- MM2 JUMPER
MX 99 Z21 ----- I Kohm- ------- Z20 MX 98
MX 100 Z22 ----- 1 Kohm-

Cl-I K6 ------------ t--------Q13 MX I
- D7 SX 53

CI-2 L6 ----------- --------- Q14 MX 2
-------- D8 SX 54

CI-6 Q6 ----------- -------- Q18 MX 6
- 09 SX 55

CI-7 R6 ---------------------Q19 MX 7
Cl-jo U6 --------------------- Q22 MX 10
CI-12 W6 --------------------- R14 MX 12
RED PRB. N7 ------------ -------- R17 MX 15

L - DI0 SX 56
BLACK PRB. S7 ------------- ---- R18 MX 16

L_ C, lI SX 57
lELLCjW PRB. L7--------------------- R19 MX 17
ORANGE PRB. M7 ----------------------- R20 MX 18
GREEN PRB. R7--------------------- R21 MX 19
BLUE PRB. Q7 --------------------- R22 MX 20
WHITE PRB. K7 --------------------- 513 MX 21
PURPLE PRB. P7 --------------------- S14 MX 22

GCUN E21---------------------- Z19MX9GROUNO 2DI MX 97
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E225

B34

K ICCONNETOO

TO3 K40 PI 1413

FIGURE 36 - Patchbox Adapter Circuit
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R147, R148, F 'R6(R6)

C1,C3200130 (RI50),(R51)1' ,R153) ,(R154)

F R150,R151,
200160 R153,R154

P

170 or \F C19,(R141),
(10&10)(R142),(RI61)

( R149 )

FIGURE 37 -Voltage Regulator Circuit F1 Flowchart



180

F
U21 210030

P

(R131),(R132) TEST8 210020

FIUR 3 , R1M Op, 21001 Ciour F Flowchart
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210510 or U2 1, (Rl38)
N 210550

210520(U21)

(R138)

21053 or FQ39,(R138),
210560(R139)

__________

FI210570
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\ 31C410 - . 312,2. .- --* ___4 }

V V

j2, (P14), L92 Pl4
(C6~

_2, ?2, F "
310450 3In , 3C4 C

-)O 0 1 - N

-I 310460
01. "R166,~~

Cvi tch
q J2, 95,011 02, 2

VF3, (p9g -- 310470

STOP U2, (P12) 310480

FIGURE 46 - U2 Timer Circuit F1 Flowchart
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31-11 (R20)

S6, C 9,

310230 > 2,il
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3I R13,
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FIGURE 51 - P2-12 Output Circxit Fl Flowchart
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STOP

FIGURE 54 - P2-37/38 Outputs Circuit Fl Flowchart
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FIGURE 55 -Flip Flop Circuit Fl Flowchart
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DocE:,LE. # - ps 3,3JLu

3 z7 R: E: QE ERENCE I 88

Z.jPR1GP 4M NHT1E - 518836~ ET~-C

2 rDGRAMMtER -'1[2Hi-EL D. P L-ENTCN

DATE COMPLETED - MPY IQ86

:53 REQIS1NS -Cri iNGE 1, O-EC-'

180

13

20 SUSPEND INTERACTIUE, RESET
230 OPTION BASE 1
2,40 CDM /mass_5tor/ SystemSC16],Tt$[16],03ta$!t
250 CDM -'ptmda~ ,etC2C$4,eC2 Do~ Tt

260 0DM /Goard _data/' Bd-nol 115 ,es[52 ISerial S[ 1 iT~s
1151,ad _nmSC201

220 COM /Te5t _data/ Run typ$C5],AwoSCI0],Dte$SC!,meSC52,
Eq u ip3 17]
2180 0DM ,Sa~tkey'/ Hold,No~go,1nterrmed ,Prnter,Late,,S3

2Qo 0DM -'Data,' Hi,Low,Dat(3,750),L~nt,Pepeater
3;3 u 0':M /Fai lure j/ BdppBadp a rt 5 S30C,
3.0 COM /Jariable5-' ]r-ter_num,Ero ir-urn,7e5 -.

3 20 COM /Pa rt x P-ir t s(5 ,2(13 9 2,TE ,Ep ~-c1-: '0.~
00 ) , Pic3 (75 0 0 , P ic44 ( 5 )
3 70 COM /Command- Dv $801F rS30 P- ,-S'n
sC90 1, Scp S C90)1, D,-s$S CBO
340 0DM /Supp I I t Cr rn , t '6 Fn 6 h i c',S 3 1

350 D IM DurmmyS 40 3, Temp"S 'L24 'emp 3U2t
360) ON ERROR RECCDUER 330
770 IF FNSub check THEN 410
380 LOADSUG ALL FROM "SYS_0ONTRL'd-Sv5em$
3903 L0ADSUB ALL FROM "TSTCONTRL"&systems

400 LOADSU8B ALL FROM 'DR[YjERS&dS5te-s
1410 OFF ERROR
420 CALL Softkey
430 ON K80 ALL COLL vrk
441) ON INTR 7,15 CH4LL Ser-jice



.1 L E, -a 47

-4 3 ~----eE NC T37NO

* CHECK THPT T -E RFH7 PPT'HC<IX r

551) DV-m5(4)

0 c,~("2Q , t-9~ ,80 P,'DIOIJ 3 0X

620 IF X! OR X2 THEN
030 Error _rwm-15
040 LOAD 'ENDTrEST"&Sy5temS

0 ; 0 END I F
60J
t0 'RESISTANCE mEASURErjENTS 'SERIlES 1T0ui

13 RESTORE 700
~30 OTA 10010,18,29, 10020,18,28,100310,19,32
710 :)TA 04,08l002,21UJ2,

7*20 DATA 1002O,43,50,10080,43,38,l0090,. 4,41
730 DATA 10100,45,20,10110,46,40,10120 ,47,25

DA OTA 10130,36 ,31,10141),37,1 ,101-50,271,33
,5 DTA 10160,9,10

7250 Low-0

7713R H- I a

FR =15> THEM~
330 HI-13000

220 EN D IF
830 RE 4O Dat( I COnt 'i45 ,BS
8"0 St IM(rM" &AS,"0" p , &91 &

3to Da t ( 2Cr Nok~mr
9871 IF FNTett THEN 340

890IF Dat(3,Cnt-1) THEN
9030 Error _num-18
91') LOAD "END_'rEST"&3System$

920END IF
NEX<T N



.. . . ..... .....

130 Pow~er 5 e t 1 29
1010 Powerst2 I

j 0 RESTORE li-'u
I -. ~~ 110 10,2 3 0,L102) -453 1)O 11 ,D

10 DATA ? 9 , 2 3.A3. 1 9~ , -32

103 ROP N Lc w-3

18 0 REA~D Dar 1 'n t -4
1 3Q 13 1-) a t nr t 3,0 3F1- R wr

110J Dum-FN~esf
120l NEXT N

1130 Dvms~l.,

114-,0 rea5("97''
il1513 FOR N-1 TO 3

1140 IR~~sTHEN~

12'30 Error _'um-2
12:0D LOAD "END T ES7 '.Sys t em)
12 2 END F

230( Me a 5-'A S
1240 NEXT N

2% Me a('-B9 7

1220 'PATCH-OX CIRCUIT TEST

129 oge-1-,-'

13 0 Stims " 0 " 10 2

1343 Dw(' 1006')

13 7! Fit (FNCr~r3 . _5,<
1333 ciw a o jie-

13930 F it (FNCr t r ,:J3 X2 ,

1 4u0 'St I ' -'Q6 0 , 'i M6 ' 1)
1410 Fit (FND.'mr,. 3X3 I

1420 Toggle(-9)
1430 S t I m( " -M6 0 -S6 0 "'2?
11440 pelay1
450 Fit FND0,' mr 8 3,.



X 2P <3 IF,

1' 3 Er r o_r um=
' _C8 lA "ENC_ *" 5 stm

1,5:3 ENC. :F

1i5 ' .; REFE EN:E ?CLT GE -E ES 0001

C;-13 Dvms 1
'580 Da L, ,C -t -o=2OOL

i3 03
1600 Low3.57
1610 St i m M35 , 29"
lo20 WAIT .5
1630 Da t(2,Cnt),-NCDvmr
1640 IF FNTe5t THEN i610
i 65,] '3 t M " M 5" ," N2 " 9

16 60 1 4*** * * 444 * * 4 4 *. 4 44* *. .4

i670 !PC/DC GAIN TESTS SERIES 21000

1o 9 0 RESTORE 1980
1700 ALLOCATE U_ 100,Uout,"000
170 FOR N-I TO 12
1720 READatI,Cnt ,Hi ,: ,Fr$, m$,Pil$,PK2$,,ol
1730 St ia(" -&Pi 1 , 2P12
1740 IF FrS-'O" THEN
L75% St im( 229")

1770 'St 'm( 1-S N&" d-N3 ","&P $ ,2
1 0 1i) 1nI- N vmr

17'] 'St n ( " - -', , 1 '-N" P, i 5 '1":.PO B

Da ( 2 , Cr * ;- , r/1) 1r
1813 ",F NTest THEN 1730
8 St i3 ' & $ -- 43 - 2';

18331 ELSE
1,343 St Im( -MPo , -N 5' ',& 1 I, 'N".P &P2
13% ] Rr ge . 5 ,Fr I Am$
" 860 CALL Dvm _ r ne, " , 105 /3 02, U 'J * 2

0 7)IJ NOmr-msPJ _m r m5*. .
r3 8 Ct i mI "- ".- I$ - &Pt ; I "L o S "N3 5

P. C LL Dvmt ime; -3" ,10u0 ,. '2 ,r ,Fj o *

i 33 Da t f2 , Cn t -FNoD mrm5 ki ou t i ' r
~R R~e~-HEN 17'0

"23 St i"rn -"&Po,

3 S m '- s', i $
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20'~:)70 2~T 212003 3 13 *0 '2 0

2,17 (3 I~A21 1 I _' I I " , • J,

2 0'4 0 ;T - 2 12 3 ,. 0 " 0 , . l 2 , -, - , , , 7z .:-1.,

2J0i )ATA 212] 0,. 32,_ . , , ,'3 ' , ' 3

2 3 DATA 2 .0 0,. 3' 1,. 3 .  1 s ,7,,_-' ', -

02). DA TA 21 20 0-,. 32,1i, r3 -

0 0_ Z TA 21220] ,.02, ,. 21,1 .' ,-,' ,I-

2 09713 D T 2 0 2 ... .

I.4* 4.-2.0 .** .,.'3, , . .........

211.3 J C THRESHCLC TEST-S £E " 21'E 1- ,_

2120
2130 RESTORE 2400
2140 FOR N-i TO 5
2150 READ Dat ,. t - : _ "- :. .' . 6 -- .--

2 6 0  'Mot I m S oP 1 lp

I2180 Oky=O

2 190 iI ter 1 ag- In ter-ne
~200 REPE T
2 2! 3In t er -ed 0
2 2 11 O IF : n,, I ,"Low -- EK

2 2 30 wo It t - .
2240 ELSE222 50 QR Q It 0 1 t
2290 kWotwo't-. 31

2260 END IF

2270 DVS UL 'O .

2 20 Temp-FNDvmr
2290 1F Log ic = ' e -. -- --
"230]_ IF L~a_ ;c '. .ANiL > :_ . : -- . _ =.

231j :F "-' ot'.:, -I:2 ,-. - --
2320 o - - -m Z. -

2330 uNTIL Ckra,

2340 Intermed- [n erf i 9
2350 Dat 2,Cnt)-,oi t
2360 IF FtJTest T-'E i 21
2370 Togglef-0u;
2380 S t 1im " B"& P i$ -S: '_ :

2390 NEXT N
2, 0 0 D 4TA 2105 0,- 5 ,-- -. 5, , , ,

2410 DATA 212- ,1 .9,. ,-. 3 -

2420 DATA 21250,7,3. 2,2.A I,-,,.
2430 DATA 21440,-.,-.2,
2440 DPTA 21-"0,-1.4 ,-3. -,-. -

2 450 . . .. . . .. . .. . . .. .
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3530 IFTi>m2 TE

31540 Start-TltEDA7E
3150 REPEAT

Sec5~J-NT~i~E E-3-~" '

0 1

3138 UNTL. TIEDATE-Start>-o.
15 !) ELSE , EEG I 3 30 SECOND ,H i
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3730 Start-TIMEDATE

375Q REPEAT
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3720 DISP "300 SECCNC :-'E;;Er

.SCOfldS'

3793 Du mmvS) -R NC r I e
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j 3 r C5 . 3 - C- ,- _ -'3 - : *~ ~- - _ r - " _ , -. .

7SE

' J-%ufld _d~g Q.. r2

-4i~4'-idO ~-ELSE
3 30F ;' uDa -, - ' -

4'320 END

- 20 ENID EEND3ED, 0 EZ7[

4-E0 END I F
4 " 5 END I F

4,,470 1F Flag -HEN -22 33
4"80 'CT0 Menu
4490 T2' '1240:PR IN T :HPS 1,2
4500

4523 <F<L CCI P R TCR TE5T S-:~t- .: ....

440 Find it ("U2g" ,I4 PEN HE P" 2

45c0 F In_ i t CR24' , "E CBE
F ind_ i tR .1 C,' SLC P'38E'E

4581) Ri nd _ 1t 9 .16F"EL2Lj :DCE2
-i590 Dvm I
40 A MeasL 2" ,"6' '
4t510 U_ aFNOvmr- .
4620 me a " '2 5"B ? 4

.4630 IF U aO THEN U a-0
4640 St im(" 153" , 229" )
4650 Wungen( ],UL$(U I_
4660 qE'ST0RE 46or]i ~ ~ ~ ~ ~ 4 : 4 0 DATA 212410,2.7,2*2,,412,' ,Z ,-, , ,., ,- ,. .. _ .-

I ,0~~' ,M16 ,N29 ,2124M'J ,2 .4, £.'# ,A9,e
t4680 DATA 2 12 ,51), 2 .K 3 5 ; 7' 2,.Q B' c- , , . " o "

212420, . 05 ,-. 05 , 1,81O
4690 Flag-0
4200 FOR X-I TO 7
4710 READ Dat ( I ,lCr.Lt L:) S ,$,

4720 :F X< 3 !DR X<>6 THEN _AL- Meres -S,=S
4730 1 F X 3 3P < - To -EN P4L- -45.
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~~'d ~22 ,K .PIN CHIP CLIP"

I ,2 E39.i 22 12 I. 2- 0~1 2,-8920 6', 2

7 -3 3 J, 2 997
3 S -n ~ '

a t~- nJ 12

:F X-7 THEN

Togg I e -9

)aoFNCvmr

'l e a5 , -A 7 , '- 89'

IF x-s3 OR X<>6 THEN CALL Mea5(S,8$'

*X-3 "R X-6HE CPLL Stim AS,BS)
1§a X~>-2 TH-EN CALL FungenC0,YPAL$( i all

- Fx-5 THEN CPLL Fuqn0kALL,--!
Oa tt 2Cn t )-NDvmr
1R F NTe5t THEN ~ii=
IC <-3 OR x THEN4 Ci:LL S3t-,M( ~.&

K~3 P > TH -EN ~le ea5 o'-&$, !,"E $J
<1. THEN

UoltiaFNDk.mr

!)IF -Ja20 THEN k, a2'

5t2o END IF

~4 0 1F Oat 3 , C t -7 1THEN

-3 60 1F Test la THEN4

C, 5 8Fj E LS E
o u rd _b ad ("UJ2 2,(R 115

9 0 END I



FF

- _

3' ? '3 E S

D3a3 . 3 r

98-0 END
985O END R

5860 END EF
5870 END I-
5830 IF -- lag TE E ' 2

6,; 1 GOTO "eru
5 0J r2'. 4UO:zeiNT C~$ 2

09 ul 2 1 0 j R 7 N 7 C k s444.. *4 .....41 1Sq 30 C , C M7 'P AMP 7=ES- 5--EP'E S 2 ]]

15960 ALLOCATE _ Q 00 ,YoutJ]O;
5970 DVms(lJ
5980 Fnd_ it 'U22-,"14 PIN CHIP CLP"P
5990 RESTORE 5990

t 2 ,21-,330 , .1 ,-. 01 ,'47 ,36
6 1) 10 DATA 2140,40 31.  - 3 1 3 ll €- .. 0 2- 4 , I @Z, 'J _

7/ , 02 7 , 99

o 20 Jt-m , 2 -'¢030 F:urger.t, ,9,2.9V

;J40 w l T 7
(]9 - F ag- 13

6060 FOR X-1 TO 6

nOTo REi4D Dat 1 ,Cnt ,r- ,.o ,.S eS
6080 IF X<6 THEN
6090 IF X<>4 THEN CiLL "e a 5
6100 IF x-4 THEN
611O meas (A$)

6120 Stim(st$

6130 END IF
6140 IF X-5 THEN
6150 St im"-T7" 87. L29
6 Ifs 0 0,,s ( " 2"

-- 171 wIAii i i I



1 ~ ~ ~ i -n e

3 NE<X x

Og

t Te --4E

ZO ~ ~ --.-

1 3 1.w~E

-EL SE

9E 3

0 Ci E 40

6 t 10END I F

6640 IF Flag THEN-

t,6 G.3TO ",r-
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.'- 7 - -

,:;:-H -- " " '-ES"

7~1I

-323 RESTC RE 7320
-'_ 2 C A 2.1-5 10,!3i. 7 .7 T, ' ,2 .S ,2?,. , .] '' ' . -... M, ,2..,21i04],' ., .9 ,2 -%C2, *-

j DATA 21"5.50,2 3-5 ' 93,A 13,997, 2 . 1, 3 2, .

, 3 ,0 ,A ,B97
I M

F3'- D-R x- 7
i REP40 Oa t It ,H,-ow ,$,s$
j 1 F X-7 THEN

0 - Togg I e( -9
- 1,2 S~~St I m(" I 9. . 3

- 23 ,ea5( 'PIC" "897"'

-1 j " ,END IF
IF X< )-3 OR X< >6THEN CALL Meas -S b$
1 x, -3 OR '<- THEN CALLtmS8J
VX-2 THEN CAL -fl Rn ge n 3,UJLS~ _ V

I1F X-5~ THEN4 CALL ugnYL(_-V

Oat( 2 , Cn rt )FNOv r
'756(1 [F FNTe5t THEN Flag-I

- F X-3 OR X-6 THEN CLL ,Stim(

IF x<>3 OR x< o THEN CALL Meas-$,.$,
7G,0 !IF xj THEN

11 ] Ja>20 THEN U_a=213



zt. *

-~~ ~ ~ ~ f- ,13 G -0 -.

.-Q I. -4-t;

789U7

F 'BLArr

-4%

79to PE'3'OE 7Q73

, 0 ,3 0 0 14 , 1 301 1 1

0,3001840,1, 1, 0
7990 DATAr

8 020o Oc (110 is"
8030 rMea5"8972'
8040 FOR N-1 TO 2
81350 REL4R0 ,2 ,3 Rs~ ~s,2
3060 FOR X-1. TO4
9320 REPO Oatfl.Cnt),H1,Low,HS
8 08 0 IF X-4 PNID N-1 T H-EN 12- LL ~~~-



F"~~~ ~ C, IN l

-J :)a t '2 m = NC r
- - . - "

3] ,EL=-E
9it $ Nr $ 8 .'

g7J END 7,:
R -NTest THEN Fiag-I

iA IF N- 1 iND X- 4 THEN HL_ TgL
32 2]3 NEXT <'

-1'] F t.3 ,C t-.i -HEN

2 ELSE

ij2d I F Dat 3 ,t-3) -HEN

350 IF Dat (2,C, rt-3)< .2 THEN
32o,0 round _ ad( 2$,"('&F'2$& . "

ELSE

3>30 END IF

Z! 'z3 ELSE
31 IF Dat 3,Cnt-2) THEN
3 23 R Oun d _b d 2 $S
3 33 E LSE
3,"40 IF Da t3,Cnt-i1 THEN
3F50 Pound_bad( Q1$, 02$,' S 6$." ) & &R3 L

1' ,3 1&" )-)
330 END IF
3830 END I-
:330 ENO iF
339] END IF
,3 U 0 NE T N
8 1-0 IF Fiag THEN T3001i

3420 GOTO Menu
8430 T31010:PRINT CHR$,12j

8450 5 MINUTE AND 250 MSEC TIMER TEST
:3460 4 * * 4 4 * 4 4 * * * * * *..* * * 44.

3470

84 81 GOSU6 U I_t i me r
8,490 GOSUB P2_1135
8e5u GOSUB Q2_q8

8510 GOSUB U2_timer
8520 GOTO Menu
8530 T32010:PRINT CHR$(12)

3550 20 SECOND TIMER TEST

3560



C~8 &S,-B m e r

:;;j 'iUS LB ' i ~mrn

8-,4 POWER ON SEQUJENCE LOLIC TEST  SPE34iJGI

- -7D S t im C",D I E3 T 4
,3 'SJ Sti 16 227 G5

3 '9 3 St im( 'S13"
38 Ui Power _5et( 4,, 1

88313 Power _set~6o .25 1J
8840 Pl- Iger- 151 2tJUS" 8"3OU01'6-,.5J,"925 1 'LNS' LINE"
880 Pu I un 13,l .46HZ"'14U. ol ,OY i"%%'
3860 RESTORE 9260
98170 pe1ay6)

31391 St im'("N2 'T2 4'

8' ~ 3 0 L mprw-H-ne

9 0 lj St im1-1
8950 Dw( "110&LIl."B"

8960 C ( L2 $&" 0 "&L 2 S
8-070 IF x-4 THEN Ci;LL Power-e _ 2 ',
!390 a ) IlT 2

8,0q0 Intermed-O
911,130 emp21;-FN~rS."S")

90310 Temp2$Tamemp2SL 12,'241
9020 Fit(FNDvmr ,-.,4,249
9030 Temp2S-Temp2.-3&Y-JLS (P2 _ I'
9040 tm-M3,M2'
91350 F it (FND'..mr -. 1,2..4, Tp2 7)



2 13 'emr--
- a 2,'Cnt .'-e mkL mc.

Fu~T5

T'J(gEX_

9 230 S t in- 6,-2, 2"

2 40 S t m("-4',-2 ~ , 33

9250 DL..d 0"
D~1 3 40 10J21 ,0,3747t,

' D27 OT' 34020 1 , I, 03747,-
92'30 DATA 34030,J,3,0,37476
9290 DPTA 3,.4040,,1,0,37476
930'a ;-OTC Menu

9310 T34050:PRINT CHP$'112)

,93"0 'POW4ER ON S3EQUEN4CE LOGIC TEST SERIES3 3,400J3

9 35 0..
9360

~3 7 F in d_ iv3P'"RED PROBE'
33 0 St imt '513")

0 90 S t 2m C "I "3 "I,~4

9 420 Powe r- _5t 4, . ,1

'9441) Furigen 0".3"

94610 Pu I fun ( 13 1 . 46HZ" ,"1.40" ," JY" 5

9470 c _11000"1

1?48 0 Oc ' "1001',
9490) St i m ( "B6 0"1 , -L2 9 

, '6 0 H

95ijo Decade("50IJ")

9520 WAIET 1
95310 St im("-B360" ,"-L2'9" "-P613" ,"-HlSfo

'9540 Toggle(-10)
9550 DISP "TIMER HOLD, PLEASE LAJ:T.'

9560 WAIT 30



D ~tI n j'2 9 T2-

90 FCR X-=5 TO 10
2 j .,nttemp=Intermesn

96711 Oct u2'$&00&L3$

6 1 13 Intermed-O
970i'j IF x=9 THEN,
9 j St imV -T24
9720 OcV 10002"
9230 0c('1001B"
9740 Temp3SRFNDrSU"8"
97170 Toggle(-7,-8)
9260 Start=TIr1EDTE
9770 REPEA~T
9280 D ISP "T I ER HIJL:I T "E7 3:

IMEDATE-Start)
9791] Dummy$-FNDr$t"''J

0800 UNTIL NOT VL Cummv$'L.',!":

qe i13 D I mp
9 820 END I F
9830 IF X-10 THEN CALL St im("T2""
9840 LJA I T 2
9850 Temp2%SFN~rS("3 8

9860 Temp2S-Temp2$h12,.2 4
9820 Fi(FNDvmr ,-.1 ,2.4 P" 19.
'9980 Temp2STemp26,)L$(P? _ 1,;

;9 9 13 St im("-m33 "'2

99003 F, t (RNCmr - .12 .4T
99 10 Temp2S12,12p__7,hi
9920 'St 1m ( "- M42 M
9930 Fit(FNDvmr,-. 1,2. 4,z)2 -7'
9Q40 Temp2S(11,111I(iPL$'RP2 _3-7

14950 InteredInt~mp
9960 IF X-9 OR X-10 THEN
?9913 Temp2S7,2Tmp3[ -
9980 Temp2S[3 ,8)-Temp3$[ 19,19
9990 Temp2%(9 ,9)-TempSE[2' ,2lU

110000 Temp2SIlOJ,10>Teno3L! 21
10010 ENO IF
10020 IF Irntermed THEN PRINT 'TEo3 :.' ;

10030 Temp-Ot.JL(TemrS 2
101040 Dat 2 Crti-l)5 L(DQLS(T0-mP 3
1111351 OumFNTst
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1 ) 3 D 4 3 7IJ 377

3 ;I - C 'e ~ r u3

11. 2LS < '< >PS MET iE ES 1 N1S

I .33%
137 71;

1-0 St:'-1' -2k
14u IFFP etTPL T'.O

1040 :w :7 't 7 ,nr- '~-E i-P 2L ;" n d sag JC3

132 tcoxP l HFI TE U TES'Bx <E>

1 rJs2d
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-' ]- -ea
- '3Tj .-.-T .

1. '3 ENC IF
2":23 Me3s.5 -;5

1.3U 1 F 1

i"1.s Temp= :. erne.
I11OL3 ntermed3 J

[i'.St tart-- :" E :," - E

8 .g0 PEPE7A-

11200 Ot'P "J 7 ECSC 'E -_ _
;SeC;"5econ5"
1210 'Uo t "NORmr

11220 UNTIL uot5'.9 _] P E-E-Si- '<
,,.,,* ' 32 Da t ,n NT '' EZ," - " *

11240 IF.otSS'ENN
11250 I n t e r med emp

1 1260 ELSE
112 7] 3Dat,, ,r W NO~m r

1 2a0 END I F
1F FR4Te5t 7H-4N lgw

11300 Mea C"- '&,4S," " $

11310 NEXT X

11320 St im(-F56,-
S113 30 1 F Dat c 3 ,Cn t- 7 'E

113-40 Foun'd _bad ' Pt
1 i 3151 Su b ne r"

113t0 ELSE
113 70 1 F Da t 3,2m -:n t-

1138 0 jrd _0 a " 1-

I139iJ :zunne r
11400O ELSE
11-'10 IF Dit 3,.n- T-En

11420 -ound a ' , -. -

11,430 5unner-i
I1440 ELSE
I ,145 1) 1 at 3, -- -E

I14ibC F.r _Wo n d ro .3 -1147 (1 S=oun emd~a '1 _. -

11480 ELSE
11490 iF Oat 3,2,- ,
11501) I NL or c_5w:.: "-

115 0 E- E

.1520 E S E
57 0 

.
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R -N ~E'S C; 7 f " 7 7E

N7& 'Ci:P 7"E CH S E F TH E REI5C 1 ;3P 3 A
K U eQN7 "4CW -"S T-E ; 2_PPLE PP06E CNE~D

- .N '. >E At 'i C -E-40 ON T-E RE, 'z7 ;-I],;-E LE

~N ~NC~L~ ~EyE HE PPLE PQ!_EE A77CD-EO) TC

_e -3 5E~;E

v _ren%2J 5 EN

3 mum'!CUO rHE

3 DR _'4-r ~c
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4~~: 4 44

_ : wr-e :

,2-a U2 T"ER -ES- SER:ES 310Ulj

2513 Flag-0
12520 Sutoer-0
-2530 Ovms(I,

,25.0 Oc "
2550 F i di t tR 14C ",GREEN_"ROBE" ,2
12560 r) d t (1RP " ELPCKPQOBE' I
12570 1nd_ t tlRI2R" ,YELLOW PROBE ,1
12580 Frdt R9L ", "13RANGE PROBE" , 1

12590 Find it("R10L","BLUE PROBE",1

12600 Fid_ itv(C3R","RED PROE ,3,

12610 RESTORE 12610
12b20 DATA 310410, 8.25, 6 .75 ,19 310,420 51 310430 ,. 5
,'.55,A17
1263) DOPTA 31044 0 ,5. 2,2. 4,r48 ,31'J40 , .29, 0,418 ,31i ]b],. 29, .

15 ,-148
126 .0 OPTA 310470,.1,UA20,31Od0,15.5,12, 17
126;0 Meas 97"
126t0 No 5wxtch"0
12670 FOR X-1 TO 8
12680 REPD Dat 1 ,Cnt ll ,"-ow,S
12690 IF x-4 THEN CALL Stlm.(P$;

12700 IF X<>4 ANO X<>6 THEN CPL_ Mea(A$
I2710 IF X<>6 THEN
1272,3 Dat(2,Cnt)--NDvmr

2731) ELSE122 4) St ir( 'Q49",Q48 " ," T5 "
12750 S mt i E ,'6

I~~ 'I-t;.

12762 ea = eI"m, " C

12770 Power_5et'5,2.;

279 ) WAIT .5
1271 0 Toggle(-5
12900 St im("-E6O" , -P6 , - 5t

282.3 n t 10OJ'2 , , .8" , 'E - 0

12920 5t m 7T2"
,123 i0 Da 2,Crt =f-C t

12' 0 I - Oat 2,_t t , ,- 0 'HEi "ic .w '- ' -
91280 ENO IF

12960 1F FNrest THEN [Iagf1
1287- IF X-4 THEN CPLL St Ir( -'

12880 IF X,> 4 N. T>HEN CLL ' -"ea
12390 NEXT X

12900 St im ;-'" , - 48 ," T2' -

!2910 ,F Dat 3 - E



2J E SE T-

12%0Found bad "'2) 4

129--Q mubber 
,2990 ELSE

9 -;, IFER Dat 3(,nt- TH-EN
1'3a 00 Foundoad U2 ,.7,1
13010 Subber-1
13020 ELSE
13030 F Dat(3,Cnt-)  THEN
13 040 I F Da t (3 Cn)t-4 ) HEN
1300 ound _badU2 Q2 P J
130O0 Suboer1
13070 ELSE
13080 Found _bad("Q1 ,'(R6,)'
13090 Subber-1
13100 END IF
13110 ELSE
13120 IF Dat(3,Cnt-3) THEN
13130 IF NOT No _switch THEN
13140 Found _bad("U2" ,"C5" ," 1Y,' 4"
13130 Subber-1
13160 ELSE
13170 IF NOT Dat(3,Cnt-2) THEN
13180 Found_bd"Ql" ,Q2" ,"UR3 ,"(19

13190 Subber-1
1320 0 ELSE
13210 IF Oat 13 ,Cnt-1 i THEN
13220 Foundbad"P2 ,,I2")
13230 Subber 1
13240 ELSE
13250 Found _ba d U2
, Q4 " "

13260 Subber-1
13270 END IF
13'280 END IF
13290 END IF
13300 EN IF
13310 END IF
13320 END IF
13330 END IF
13340 END IF
13350 IF Flag THEN U2_timer
13360 IF Subber THEN Menu
13370 RETURN
13380
13390 J3_timer:



X. -.2] !13 T E3T --E3.-

13. -0

134590 D,,.m ..)

1346J SubberO0
13-;70 Fiag=0
13 480 NCs.,i tch-0
13490 Find_ t ("P45F","REDPROBE ,2
13500 Find_1t ( C9", 8LrCK PROSE , 1
13510 Rindit("CC" ,"YELL04) PROBE","

13520 Findlt("R48L","BLJE PPCBE" ,3)

135313 RESTORE 13'530

1,540 CAA 3 20110,3 2 , 5 8 ,32'J2U ,15 ,3 3 ,,.
7, .3 ,A17
13550 DATA 320140,15,1,A2O,320150,3O,1OA20,3201eO,15.1],A
17

13560 Meas("897")
13570 Oc(1I 011)

13580 WAIT 10
13590 FOR X-1 TO 6

13600 READ Dat l,Cnt),Hi,Low,AS
13,b 1:] Measa[AS )

13620 IF X< 5 THEN

13630 Oat(2,Cnt)-FNDvmr

13640 ELSE
13650 Temp-Intermed

13660 Intermed-O

1367u Oc" 1')

13680 Start -T IMEDATE

13690 REPEAT

13700 Sec5-INT(TI ED)TE-Star .

13710 DISP "15 '5ECO*D TTE, : TIE LEP :I -E
3 Conds5

1320 7o It5 -FNDvmr

13730 UNTIL UoltS<.5 OR TIMEDIATE-Start'.'-

13740 Oat ( 2 ,Grt )I -NT( T IMED0TE-St ar

13750 IF lJoltS>.5 THEN No_switcril

13760 In termedTemp

13770 END IF
13780 IF FNTe5t THEN Fl.g-l

1379 Me a 5 S
13800 NEXT X

13810 Me a 5 " -B' 7
13820 IF Oat 3,Cnt-6 THEN

13830 Found_bad("U3" ",45 C3 i

13840 Subber-I

1385') ELSE

13860 IF Oat (3,Lrt- THEN



Fonnd :)ad( ~ "~

I~3 j u )e r-
1>KZJE-SE

:F4 :)a ar' , 3-nt - 3'~
3 JFound _ ad "'

SUL) boe I

hi~2E ELS:E

a IF No _witch 4NU Da J,-n-1 THEN
Ro u nd _b ad ,".:3 2 ~3 y

1'00 Subber-1

14020-l ELSE

1-4040 Subber-1

f .405~0 EN4D I F
1-406,3 END IF

1.4080 END .'
1 -4J9 1 END I F

14100 END IF
1 '10L IF Flag THEN J3 _timer

14120 IF Suboer THEN Menu
14130 RETURN

1.IS u23 J L; timer:

14160

1I 0 1225 M ~E R T E,)T SER E'S Y31

141 DVM5 ( I
142720 Flag-0
1.'i230 Subber-o
142 40 F ind-t ( itV'24" ,14 PIN fLHiP CLiP",2
1 5u Find_ it('"P12SU ,'BLUE PROBE',4I'

14260 F Ind I ltr"R 173L" ,'8L,4K PP08E" I I

14,270 Findi t t(" R 1,4PR" "YELLOWj RP'BE'I

14280 Find_ it("C3P' ,"RED PROSE'',l

142910 Find _itw',R177F", ,"ORANGSE PRUBE" ,3>
143 00 S t im("T2' 7 'T5 2' " 1 13", J"29-

143203 Decade("900''
14331) Oc ""I
-*34,j Power _5et(5,i2,.13



•-. i i

1.4390 Op T -' 30110,AU699 7 3 3 0 ,1-1 22 4,3 9160 7 x0 23 U,

4, A6 99 /

3 3 1. 1 1 7, aQ 7 , 3

i31 0 8 0 0 L, " ,

14410 DPTA 330170,I . , 1.29 17 9,g ,33,33I'dU, 1 7, 1 1 1,. 3,33,

0 2 5 ,0 1889 7

I P , 3. 2 ,0 ,,18 ,895
i420 D~qT 3302t00,5,3. 3 ,A6,B97,33U210 ,5,4.8 , ,1 ,Sa2

"4430 FOR X-I TO 11

.4440 RE ;D Dat(,Cntt,Hi ,Low,A$,8$
1,44,50 1IF X '> ~N C x< >8 T L1E N C PL L M e a s k$
1446I] IF X- THEN CALL St im "MSi" , "N'9"

14470 IF X-2 THEN CALL Tagglet-9)

14480 IF X-3 THEN
14490 Toggle(9)
14500 St ,m("-T27")

145 10 END I F
14520 IF X-5 THEN CALL St im("T27)
14530 IF X-8 THEN
14540 St im( "Q13 "R 1
14550 Cnts(10 102,.8,2.4 )
14560 Toggle(-9)

14520 WAIT 3
14580 Dat (2 ,Cnt )=FNCnt r
14590 St im("-Q13" "51
14600 END IF
14610 IF X<>8 THEN Oat(2,CntJ.;FNOvmr

14620 IF FNTest THEN Flaq-1
14631] IF X< >6 ANC X(>dl THEN CiLL Meas5- $,"-"d$
14640 IF X-6 THEN CALL St im("-M51" -N29"
j4b5O NEXT X
146b 1) S t im(" T2 " ," T52 ", -I13 J 3 ; '

14670 St i m"-E6U" ,-F60" H5 c
14680 IF Dat(3,Cnt-lii THEN
14690 Found _bad"U24 ,"44" , (U25 .2

1,4700 Subber-i

14710 ELSE
14720 IF Dat (3,Cnt-10) THEN
14731] Foundbad("U24," ',U25)
14740 Subber-i
14750 ELSE
14260 [F Dat(3,Cnt-9) THEN

14770 Found _bad ("U24" ,"Q44" "IJ251 , ' 169

14781) Subber=

14790 ELSE
1,4800 IF Da*(3,Cnt-8) THEN
14811] Found bad("JU2 5, C29 , I- "



1 -8 0 ~ IF ZOat 3,Cnt-7)7H
Fou nd _ b a d~ " ,:

1-82 i3 Subber
14 -0 ELSE
14880 IF Oat( ,Cnt-6) THEN
1489 IF Dat (3,1nt- 5 ) T-ENl
14900 Found _bad"U25" ,Q4~' ,"-.d" "

7-, 1R, ,,

L4910 Subber-I

1-492 0 ELSE
1-49 30 F oun o _t)a dv"' 60b
14940 SuOber = I

-4950 END IF
14960 ELSE
14970 IF Oat(3,Cnt-4) THEN
14980 IF Dat(2,Cnt-4)-0 THEN
.4990 Pound bad U25 ,"7 ,"C2d','
*9173" )

15300 SubDer-I
150 10 ELSE
15020 IF t 3 ,Cit-3 THEN
15030 IF Dat 3 ,Cnt-2, T--EN
10534 0 Found_baa U25"

C'28" ,'R173" 3
15050 Suboer-i
15060 ELSE

15070 Found_nac ( "'J25"
15 080 Suber =1
15090 END IF
15 100 ELSE

S110 IF Dat (3 ,Cnt-1 THEN
512uU n-o -1c ad "(I -

1-' 1)-] S_ 00 e m"1

15140 EL FE
1.5150 Found_bad "' "

15160 Sutber 1
15170 E 1D IF
15180 END IF
15190 END IF
15200 END IF
15210 END IF
15220 ENO IF
15230 END IP
152a40 ENO IF
15250 END IF

15260 END IF
152 70 IF FIag THEN U25 _timer



- 11 - 1 NP TE T.

153-9 : -it ,"C 0 _ D P C~E _
2937O in_t t(C3 ,' E2_RQUIBE' ,2

,38U ind i t .P "R , Pt,4uE P ELL "

l'a;]J St im E0O ,"% , '
i 17- De cadle ( " 5 1]"

1.13 Power _5et 5 .12,.
113430 WP '[T .5
15,440 Togg ie -5

1154,50 St i m("-E56" ,-Ft 0" "
15460 WAIT

1547,5 SuDber, J
15480 Flag-0
i5490 RESTORE 15500

1 500 DATA 310210,2.913,, T27,T5?2,3:j22aI.,
5 10 DATA 1 2 0 1 .5 , 9, - -, .. ,- 9

L 2 Me a 5 A18 9 92 7

1553 ] FOR x-i TO 3
1554,0 R EP0D ati ,cnit ) ,"I ,_Ow, $,B$

15560 IF X-3 THEN
151570 Stim("E52")
15580 Power _et 5,15,

END [ F
1' 6013 Dat (2 ,Cnt ]= ' Dvmr

5tiJ IF FNTest T E'i I ag-i

1 2U IF ASL 11' ]" -t-LL
tR 8 [ ] 1) F-" T"E, i -4LL * *T '- "

19 41 NEXT X
15'.) 0 TogglIe (-5

15660 St im( "-E52"
15670 r1eas I- ","-a9 "
15681 1 F Dat 3 , Cot-3 ) THE
I'1 Q -364 ound badt "1 "," ? , 0J,
1135 710 Su 0be r"

15210 ELSE
I,72 1) IF Dat 3 , ,Cnt-2 THEN
15730 Found _bad( ''6", "PQ.,P'
1'5740 Subber-l
15751 ELSE
1527 0 IF Oat(3,Cnt-j1 THEN
1 77i F o u nd _bd " ,df P i"



5- ED I~
3 31ID ENC

5.3 l 0 END 11
15e2O ITF FlIag THEN P22 1135
15830 IF Subber THEN Menu
158403 RETURN

ISetO Q7_q8:
158713

i5ew0 '07'08e TRANSISTOR CIRCUIT TEST SERIES 3107,130

15930 Fiaq-0
15940 Subber-O
15950 Find_ i t (R25L" "YELLOWPR8E "'2
15960 Find_- it("C3R ,"RED PROBE",11
15970 Find_- it("R28F',8BLi-CK_PROBE',3)
15980 tmea("897")
15990O St im( 'E60' , F60" ,H5611
16000 Decaee("5 0 0'J
16010 Power _s5et(5 12 ,.l)

16020 WRI~T .5
16030 Toggle(-5)

16050 RESTORE 16050
16060 DATA 310310,11,9,310320,5.2,2.4,310330, .5,j
16070 DATA 310340, .8,0,310350,27.94,22-:36
16080 FOR X-1 TO 5

16090 REPO Dat(1,It),Hi,Low
16100 IF X-4 THEN CALL Stim("T27'
16 1.1 J IF X- I THEN4
1-I ' ea P7
1613U Da t(2 ,Cn t ).RNC~.mr

1614017
16 150 ELSE

16160 IF X-2 OR X-4 THEN
16 171i stIm ( "M49'J
.16 i13 Zt(2,CntJ-FND,.mr
16 1.9 0 st I m( -M49~

t200 ELSE
16 2110 tea5 ( "A16")
162203 Dat (2 ,Cnt )FND,,mr

16 2 30 Meas ( -R16"
16240 END IF

16250 END IF
16260 IF RNTe~t THEN Flag-1
.6 2TJ / -<X
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END
12960 END IF

172980 END Fa HNP-
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118010 ETN
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1:3 0270
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18150 St im clG6 T7" '152" '3,29'

18120 Power _set(4,2,.1'

18180 Power _set(6,1.3,.I)
181913 Fungen (0 , 15VI
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21J

21 -7 j z

2 7,40 (1 END
EN'LfI F

2 6 ENOUI F

2174uEN I N

22 E NO 1 IF
2 179 EN ENDI F

21800 IF Flag THEN Flip *I'op
2 181) IF Subber THEN 'len'-j

21d20 RETURN

2 18 3 !J

41 ~ :jtHIr-H 'JLjTPJ-T W"LL..

219 0 I Right$SDUPLS(DUAL( )H4LS H I d

i W~' wr o n g S L)rAL ,324LA4LSU

21'-4I1 RESTORE 219

2 1960U READ Ouput$ *
2 192 0 FODR x-i T13 13 '6TEP 2

4 'i IF WrongS[A,Xj- RightSL'. A] THLrJ

19 9 liBd _outjS-Iuput5s( X:'
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-L. 16c GOSU6 Ul-timer

221,70 GOSUB u3_timer
22180 GOSUB P121

2 19U 0 IS5UB P'237 38

220 END 1 F

22210 RETURtN,
220

2'-'2 3' r5h

22-2 A4 0 Ltu1 D 'END TE~nT-&System$
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